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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
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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

SETUP AND INSTALLATION OF SQL SERVER 2016

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
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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.

12
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% SOL Server 2016 Setup = (=] x

Server Configuration

Specify the service sccounts and collation configuration.

Global Rules Service Accounts  Collation

Product Updates

Instail Setup Files Microsoft recommends that you use 3 separste account for each SQL Server service.

Install Rules Service Acceunt Name Password Startup Type
Product Key SQL Server Agent NT Service\SQUAGentSS... Automatic
License Terms SCL Server Database Engine INT Service\MSSQLSSOL... w
Feature Selection SQL Server Reporting Services NT Service\ReportSenver... | £
Feature Rules 5QL Server Launchpad INT Service\MSSQLLaun...

Instance Configuration SO Server Browser NT AUTHORITY\LOCAL ... f.ulcmulnc v]
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 1-11. Server Configuration updated

Notice that we cannot set the password for any of these accounts. This is the same as it has been for
every installation of SQL Server that I have ever seen. If you were to change the Account Name box from the
default to a custom service account name, then the Password box would become active and accept input.
Otherwise, the password is controlled by SQL Server and Windows.

Notice also that there is a new Grant Perform Volume Maintenance Task privilege to SQL Server
Database Engine Service check box underneath the default services listed. For what we’re doing in this
book, it’s not necessary to check this box. In future installations, or for production environments, it would
probably be a good idea to enable this.

At this point, all of our services are configured correctly. Notice that we aren’t going to bother with the
Collation tab. This should have SQL_Latin1_General_CP1_CI_AS specified in the tab by default. That’s it. Go
ahead and click Next to move on.

Database Engine Configuration

The next screen is Database Engine Configuration, shown in Figure 1-12. Here you set options for the engine
in four different tabs, as specified in the subsections to follow.

13
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% SOL Server 2016 Setup

Database Engine Configuration

Specify Database Engine authentication security mode. administrators, data directories and TempD8 settings.

Glebal Rubes

Product Updates

Install Setup Files

Install Rules

Product Key

License Terms

Feature Selection

Feature Rules

Instance Configuration

Server Configuration

Database Engine Configuration
Reporting Services Configuration
Consent to install Microsoft AL ...
Feature Configuration Rules

Server Configuration  Data Directories TempDB  FILESTREAM

Specify the ion made and sdmi for the Database Engine.

Authentication Mode

(®) Windows suthentication mode

O Mixed Mode (SOL Server authentication and Windows authentication]
Specify the password for the SQL Server system administrator (sa) account.
Enter password:

Canfirm password:

Specify SOL Server administraters

SOUL Server administrators |
have unrestricted access

Ready to Install to the Database Engine.
Installation Progress
Complete
Add Current User | A
< Back Hext » Cancel

Figure 1-12. Database Engine Configuration

Server Configuration

This tab lets you specify the authentication mode and the administrators for this instance of the database
engine. Because this is just for testing and evaluation, I am going to add myself in Windows Authentication
Mode as the administrator by clicking the Add Current User button at the bottom of the screen and
selecting Windows Authentication Mode. Figure 1-13 shows these options selected.

14
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Database Engine Configuration
Specify Database Engine authentication security mode. administrators, data directories and TempD8 settings.

Global Rules Server Configuration Data Directories TempDB  FILESTREAM

Product Updates

Jnstall Setup Files Specify the ication mode and admini for the Database Engine.
Install Rules Authentication Mode

Product Key ® Windows suthentication mode

License Terms O Mixed Mode (5QL ication and Wi

Feature Selection =

Feature Rules Specify the password for the SOL Server system administrator (sa) account.
Instance Configuration Enter password:

Server Configuration

Datat Engine Conflgavat Confirm password:

Reporting Services Configuration Specify SOL Server administrators

Consent toinstall Microsoft R .. [BradLaptop\Bradiey Beard (Bradley Beard) | TR ——

Feature Configuration Rules have unrestricted access
Ready to Install to the Database Engine.

Installation Progress
Complete
Add Current User Add... Bemove

<Back || Net> Concel
Figure 1-13. Server Configuration tab with options

Data Directories

Do you recall how I had my file system set up? The Data Directories section describes the locations of those
data directories within the file structure I specified. Figure 1-14 shows what this screen looks like initially.
Figure 1-15 shows my selected options. You can leave these however you like, but my personal preference is
to not put the files I want in the default labyrinth of folders.

Database Engine Configuration
Specify Database Engine authentication security mode. administrators, data directories and TempD8 settings.

Global Rules Server Configuration  Data Directories TempDB  FILESTREAM

Product Updates

Install Setup Files Data root directory: |C'\Prog_um Files\Microzoft SOL Server,

Install Rules System database directory:  C'\Program Files\Microsoft SQL

Product Key Senver\M5SQL13.5QL2016RS\MSSQL\Data

NG o User datsbase directory: | C:\Program Filest\Microsoft SO Server\MSSQL13.SQL2016RS\MS]
Feature Selection _
ot Riles User database log directory: |C:\Program Files\Microsoft SQIL Server\MSSQL13.SQL2016RS\MS|
Instance Configuration Backup directory: | €a\Program Files\Microsoft SOL ServeAMSSOL13.5QL2016RS\MS|
Server Configuration

Database Engine Configuration

Reporting Services Configuration
Consent to install Microsoft R ...
Feature Configuration Rules
Bleady to Install

Installation Progress

Complete

e o

Figure 1-14. Initial Data Directories tab
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Database Engine Configuration
Specify Database Engine authentication security mode. administrators, data directories and TempD8 settings.

Global Rules

Product Updates

Install Setup Files

Install Rules

Product Key

License Terms

Feature Selection

Festure Rules

Instance Configuration

Server Configuration

Database Engine Configuration
Reporting Services Configuration
Consent to install Microsoft R ...
Feature Configuration Rules
Ready to Install

Installation Progress

Complete

Server Configuration Data Directories TempDB  FILESTREAM

Data root directory: |C—\Progum Files\Microsoft SCL Server,

System database directony:  C'\Program Files\Microsoft SQL

Server\MSSQL13.50L2016RS\MSSCL\Data

Uses database directory:  [EASCHL Server\Data

User databass |og directory: [EASCL ServeriLogs

Backup dirsctary: |EsQL ServeriBackups

Cancel

Figure 1-15. Updated Data Directories tab

TempDB

Usually, I leave this TempDB option alone. However, in this case, I set the options to mirror the file system
that I have enabled. Figure 1-16 shows the default settings and Figure 1-17 shows the updated settings.

Database Engine Configuration
Specify Database Engine authentication security mode. administrators, data directories and TempD8 settings.

Global Rules Server Configuration  Data Directories |
Product Updates
rstall Setup Files TernpDB data files:  tempdib.mdf, tempdb_mssql_S.ndf
Install Rules Numberof filess 2 %
Preduct Key e s =] SEEI
Initiad size (ME): =1 Totalinitial size (MB): |16
License Terms |—|
Feature Selection Autogrowth (MB: ™[5 Total autogrowth (M83): [128
Feature Rules Dista directories: Bdd..
Instance Configuration
Server Configuration e
Database Engine Configuration
Reporting Services Configuration
Consent to install Micrasoft A ... | >
Feature Configuration Rules TempDB log file  templog.laf
Ready to Install Initial gize (MB): 2 =
Installation Progress o B
Camplete Autogrowth (MB): -
Log directory: !C:\Prngram Files\Microsoft SOL Server\MSSOL13 SOL201ERS\M!, -
<Back | MNed> Cancel

Figure 1-16. TempDB default settings
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i~ SOL Server 2016 Setup - o X
Database Engine Configuration
Specify Database Engine authentication security mode, administrators, data directories and TempD8 settings.
Global Rules Server Configuration Data Directories  TempDB  FILESTREAM
Product Updates
Install Setup Files TernpDB data files:  tempdib.mdf, tempdb_mssql_S.ndf
Install Rules Mymber of files: & T
Product K - [
i Initialsize (MB): 151 Totalinitial size (MB): |16
License Terms R
Feature Selection Autogrowth (MBE: %[5 Totalautogrowth (a): 122 |
Feature Rules Diata directories: [EASCH Server\Data add..
Instance Configuration
Server Configuration Bomove
Database Engine Configuration
Reporting Services Configuration
Censent to install Microsoft AL ...
Feature Configuration Rules TernpDB log file:  templog.ldf
Ready to Install Initial gize (MB): 8 2
Installation Progress i o
Complete Autogrowth (MB): -
Log directory: EASOL Server\Logs I I
< Back Hext » Cancel

Figure 1-17. TempDB updated settings

The changes I made were slight. I first highlighted the existing option in the Data directories field and
then clicked the Remove button. Then I clicked the Add button and added E:\SQL Server\Data instead.
This location was mirrored in the Log directory field, so I changed it to E:\SQL Server\Logs instead. That’s
it for this tab.

FILESTREAM

Just leave the FILESTREAM tab alone. We won't be using FILESTREAM for this book.
Once you've got all the other Database Engine Configuration tabs filled in, click Next.

Reporting Services Configuration

Now we get to configure Reporting Services. We configure Reporting Services further in Chapter 7 and
onward. We install it now using the Install and configure option, which is selected by default. Figure 1-18
shows that option.
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5 SOL Server 2016 Setup - o x

Reporting Services Configuration
Specify the Reporting Senvices configuration mode.

Global Rules Reporting Services Native Mode
P @
roduct Updates @) Install and gonfigure.
[ i Fil . sooat
restall Setup Files Installs and configures the report server in native mode. The report server i cperational after
Install Rules setup completes.
Product Key ) Install gnly.
License Terms Installs the report server files. After installation, use Reporting Services Configuration Manager
Feature Selection to configure the report server for native mode.
Festure Rules

Reporting Services SharePeint Integrated Mode
Instance Configuration

Server Configuration

Database Engine Configuration
Reporting Services Configura...
Consent to install Microsoft R ...

Feature Configuration Rules
Ready to Install

Installation Progress
Complete

< Back Hext » Cancel

Figure 1-18. Reporting Services Configuration

Also note that the Install only option is selected for when you are installing Reporting Services
SharePoint Integrated Mode. You can leave the option as it is, since there isn’t another choice anyway.

One quick thing while we’re talking about the configuration of Reporting Services; if you go in later
and want to install Reporting Services because you didn’t install it with the database engine, you only have
the Install only option available to you. The reason for this is because Reporting Services Configuration
Manager must be used to configure Reporting Services after a database engine instance has been added.

Ensure that the Install and configure option is selected on the top, and then click Next on the
Reporting Services Configuration screen to move on.

Consent to install Microsoft R Open

The addition of R into SQL Server is a major change, as I noted before. In the pre-release editions of SQL
Server 2016, it was mandatory to install the components separately in order for R to run correctly. Microsoft
updated the installation process gradually through the editions until the final version, which included the
full download and installation of the R components. Note that the version of R used in SQL Server 2016

is called out as Microsoft R Open, which is “an enhanced distribution of R made available by Microsoft
under the GNU General Public License v2.” R, the language, remains the copyright of the R Foundation

for Statistical Computing. Microsoft is careful to spell that out exactly in the figure shown in 1-19. This is
important, I believe, because Microsoft is making an entirely new software package available to SQL Server;
for this reason, we must consent to installing Microsoft R Open and therefore accept any patches or updates
issued by Microsoft.
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Consent to install Microsoft R Open
Download and install necessary pre-requisite.

Global Rules

Product Updates

Install Setup Files

Install Rules

Product Key

License Terms

Feature Selection

Feature Rules

Instance Configuration

Server Configuration

Database Engine Configuration
Reporting Services Configuration
Consent to install Microsoft R
Feature Configuration Rules
Ready to Install

Installation Progress

Complete

M ft R Open is h. d distribution of R made available by Microsoft under the GNU General
Public License v2.

Ris & the R F for Statstical Computing. For more inf on R-relsted products and services,
pvisit hitpe/r-project.org.

By clicking “Accept” you are choosing to download Microsoft R Open and install it cn your machine, and
agreeing to accept patches and updates to this software accerding to your SOL Server update preferences.

Accept

< Back Next > Cancel

Figure 1-19. Consent to install Microsoft R Open

Click the Accept button. The Next button becomes enabled. Go ahead and click Next to move on.

Ready to Install

Figure 1-20 shows the Ready to Install screen that you should now see. Read it over and ensure that you
match these settings if you're going to do the exercises in this book.

= 1]

Ready to Install

Verify the SOL Server 2016 features to be installed.

Global Rules

Product Updates

Install Setup Files

Install Rules

Product Key

License Terms

Feature Selection

Feature Rules

Instance Configuration

Server Configuration

Database Engine Configuration
Reparting Services Configuration
Consent to install Microsoft R ...
Feature Configuration Rules
Ready to Install

Installation Progress

Complete

Ready to install SQL Server 2016:

= Summary Al
Editicn: Evaluation
Action: Install (Product Update)
- Prerequisites
- Already installed:
Windows PowerShell 3.0 ar higher
Microsoft Visusl Studie 2010 Redistributables
Microsoft NET Framework 4.6
Micreseft MPIvT
£ General Configuration
=)- Features
Database Engine Services
R Services (In-Database]
Reporting Services - Native
- Instance configuration
Instance Name: SOL201ERS
Instance ID: SQL20TERS
o lmctanca iNe

< >

Configuration file path:

C:\Program Files\Microsoft SOL Server\ 1300 Setup Bootstrap\Log\20160829_ 20482 ConfigurationFile.ini |

<Back || lnstal Cancel

Figure 1-20. Ready to install
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Once you are ready;, click Install. Your screen will flash a few times while it is loading and installing
what it needs.

Installation Progress

Figure 1-21 shows what you should see while your installation is running. The progress bar shows overall
progress, so you can gauge how far along you are and how much time is remaining. Wait patiently. Watch the
progress bar. Or go for coffee.

% SOL Server 2016 Setup - u] x

Installation Progress

Global Rubes

Product Updates

Install Setup Files Sexting feature install state.
Install Rules

Product Key

License Terms

Feature Selection

Feature Rules

Instance Configuration

Server Configuration

Database Engine Configuration
Reporting Services Configuration
Consent to install Microsoft AL ...
Feature Configuration Rules
Ready to Install

Installation Progress

Complete

Next > Cancel

Figure 1-21. Installation Progress

Install Complete

The install takes a little while, but eventually finishes with the screen shown in Figure 1-22. My installation
took about 10 minutes to complete. Scroll down to see if everything installed correctly, and then click Close.
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T SOL Server 2016 Setup - o X
Complete
Your SOL Server 2016 installath fully with product updates.
Seha B Information about the Setup operation or possible next steps:
Product Updates — —
E o a

Install Setup Files e Staklis
Install Rules S S e

19 Database Engine Services Succeeded
Preduct Key & R Services (In-Database) Succeeded
License Terms 1@ 50L Browser Succeeded
Feature Selection @ SCL Writer Succeeded

(SO Chiant Fnmsastinib Surrandad bt
Feature Rules
Instance Configuration
Server Configuration Details:
Dstabase Engine Configuration
Reporting Services Configuration
Consent to install Microsoft AL ...
Feature Configuration Rules
Ready to Install
Installation Progress
Complete Summary log file has been saved to the following location:

C\Program Files\Microsoft SOL Server\1 30\Setup & Mlogh20160829 204823
2016083 23

: Br; .

Figure 1-22. Complete
Let’s take a second to plan out what else we want to do in this chapter. We are already pretty far along so
far, but we have a bit more before we can stop and rest.
e  What we've done so far

e Installed the SQL Server 2016 components that we need to test the new
R functionality

e What we will do next
e  Verify the SQL Server 2016 services all started correctly
e Install SQL Server Management Tools

That second bullet there might throw you off a bit. Why do we need to install SQL Server Management
Tools? Because, for some strange reason that I'm sure Microsoft can justify, SQL Server Management
Studio does not ship as part of the installation for SQL Server. I have never seen this before in any previous
installation, so I can assume that this is the new norm for SQL Server.

Services Verification

Let’s go make sure that the services that needed to start all started correctly. Start your Services window by
pressing your Windows key and then typing services. You should see the Services desktop app appear as an
option, as shown in Figure 1-23. Go ahead and click the Services app to continue. Alternatively, you could
also press your Windows key, type services.msc, and press Enter. This opens the Services window without
having to search for it.
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senmced

Figure 1-23. Services location

The application starts as normal, so scroll down to the SQL services. They should be sorted by Name by
default, so to jump to a letter, just type it. You will get there a lot faster than by scrolling. Figure 1-24 shows
you the relevant SQL Server services and their current status.

WS4 SOL Server (SQL20MERS) Provides sto..  Rumning  Automatic NT Senice\MSSOLSSQL2016RS

QL Server Agent (SQL2016RS) Executesjo.. Running  Autcmatic NT Service\SQLAGentSSOL2016RS

O Server Browser Provides 50... Running  Automatic Local Service

QL Server CEIP service (SO CEIP service.. Running  Autcmatic NT Service\SQLTELEMETRYSSQL2016RS
QL Server Launchpad (SQL2016 Servicetela.. Rumning  Automatic NT Service\M350LLaunchpadSSOLI01ERS
Zh SOL Server Reparting Services (SOL2016RS) Manages, e.. Rumning  Automatic NT Service\ReportServerSSOL2016RS

Gl SOL Server VS5 Writer Providesth.. FRunning  Automatic Local System

Figure 1-24. Services

Everything looks good to me. What do you think? All are running as expected and all are set to an
Automatic startup type.

Congratulations! You have successfully installed SQL Server 2016 and verified that everything is
copacetic by confirming that the services all started as expected.

SQL Server Management Tools

Next, we need to install the SQL Server Management Tools. This installation task is part of the SQL Server
Installation Center that should still be open on your desktop. Figure 1-25 shows the current state of the SQL
Server Installation Center screen.
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W SQL Server Installation Center

Planning E Mew SOL Server stand-alone installation or add features to an existing installation
Installati 2 Launch 2 wizard to install SOL Server 2016 in 2 non-clustered emvironment of to add
features to an existing SOL Server 2016 instance.
Maintenance
Took Install SQL Server Management Tools
L% Launch a download page that provides a link to install SOL Server Management Studio,
Resources SOL Server command-line utilities (SCLCMD and BCP), SOL Server PowerShell pravider,
SOL Server Profiler and Database Tuning Advisor. An intemet connection is required to
Advanced install these tooks,

Install SQUL Server Data Tools

Launch 2 download page that provides a link to install SQL Server Data Teoks (SS0T). S50T
provides Visual Studio integration including preject system support for Azure SOL
Database, the SOL Server Datsbase Engine, Reporting Services, Analysis Services and
Integration Services. An interet connection is required to install SSOT.

i
&

Mew SOL Server failover cluster installation

o

Launch & wizard to install 2 single-node SOL Server 2016 faflover cluster.

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

s

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

Mew R Server (Standalone) installation

Launch a wizard to install R Server (Standalone) on a Windows machine. This is typically
used by data scientists a2 a standalone analysis server or 85 8 SOL Server R Services client.

ok B

Microsoft” SOL Server 2016

Figure 1-25. SQL Server Installation Center

Notice that the link for SQL Server Management Tools has become highlighted since SQL Server 2016
was installed. That’s where we want to click now. Figure 1-26 shows the results of this action.

Download SQL Server Management Studio (SSMS)

Updated: August 15, 2016

SOL Server Management Studic (SSMS3) 15 an integrated emaronment fior accessing, configuring, managing, administenng, and developing all
compenents of SOL Server. 55MS combines a broad group of graphical tools with a number of rich sonipt edito provide developers and
administrators of all skill levels access to SOL Server. This release features improved compatibility with previous versions of SOL Server, a stand-alone
web installer. and toast notifications within SSMS when new relzases become available.

@ SOL Server g Studio (S5MS)
Download SQL Server M Studio
I Note

* S5MS releases are now branded nue Iy, nat by months.
= This generally available release of SSMS is free and does not requare a SOL Server icense to install and use.

Figure 1-26. Download SQL Server Management Studio

When we clicked the Install SQL Server Management Tools link on the SQL Server Installation Center,
a web page opened on Microsoft.com, where we can download SSMS. Go ahead and click that blue link
titted Download SQL Server Management Studio now. The download was 806 MB at the time of this writing.

While that is downloading, let’s plan out what we want to do next. Essentially, we need to “finish” the
installation of SQL Server by verifying that R is correctly installed and communicating normally with the
database engine.
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You almost forgot this was a book about R, didn’t you? I know, this chapter has been a ridiculously long
one, but we really did need to get all of the pieces up and running in order to show what R can do in the
current context.

Eventually, the download completes. In your browser you should a button similar to what’s shown
Figure 1-27.

SSMS-Setup-ENU.exe

Figure 1-27. Download complete

Click this button to begin the install, or go to your Downloads folder and double-click the file named
SSMS-Setup-ENU.exe to begin the installation of SQL Server Management Studio. Figure 1-28 shows the
initial installation screen.

"""%  RELEASE16.3

% Microsoft SQL Server Management Studio

Welcome. Click “Install” to begin.

By clicking the “Install” button, | acknowledge that | accept the following:

SOL Server Management Studio transmits information about your installation expenience, as well as other
usage and performance data, to Microsoft to help improve the product. To learn more about SQL Server
Management Studio data processing and privacy controls, please see below.

Intall

Figure 1-28. SSMS installation

Tip  You might end up with a different Release number than mine, considering that Microsoft may
release a newer version in the time between when this was written and when you downloaded SQL Server
Management Tools.
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Well, that’s certainly a new installation interface. I would think this was closer to Visual Studio, but
it’s not. The instructions are right there for us; click Install to begin. Figure 1-29 shows the interface after
clicking Install.

D RELEASE 16.3

% Microsoft SQL Server Management Studio

Cancel l

Figure 1-29. Initial installation interface

It sits here for a minute or so loading packages, so just let it do its thing and install what it needs. The
first major package that gets installed is .NET Framework 4.6.1. It then progresses to other packages, like
Visual Studio 2015 Shell. This will be important later on, once we start looking at the different IDEs for
developing R projects.

Eventually, the installation completes and we settle on the screen shown in Figure 1-30.
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"'E RELEASE 16.3

% Microsoft SQL Server Management Studio

Setup Completed

All specified components have been installed successfully.

Close

Figure 1-30. Restart required

Next, open SQL Server Management Studio and connect to your newly installed instance. Press your
Windows key and type ssms to show the Microsoft SQL Server Management Studio desktop app. Go ahead
and click the app to start the application.

Tip If you aren’t logged in as the local Administrator account, you may need to right-click the desktop app
icon that appears in the Start menu and choose Run as administrator instead.
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Figure 1-31 shows how the initial interface for SSMS looks in this updated version.

B Microsoft

SQL Server 2016

Management Studio

Powered by Visual Studio

Figure 1-31. SQL Server Management Studio

That needs to load the interface and then, finally, we get to the SSMS login screen. Figure 1-32 shows
how different this looks from previous versions of SSMS.

:_l Connect to Server b 4

SQL Server

Server type: Dud:meErw v
Server name: [BRADLAPTOP\SQL2016RS v
Authentication: Windows Authentication v]

Bradlaptop\Bradley Beard

Figure 1-32. Connect to Server
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Recall that I named the new SQL Server 2016 instance SQL2016RS, so that’s the instance I am going to
connect to. The format for the Server name field is SERVER\INSTANCE, so that’s how I have formatted my
connection. You can also pull down the menu and navigate to another instance you may have installed from
there. However you are more comfortable is fine, as long as you get there. Click Connect to log in to your
instance.

The Object Explorer initial screen you should see now resembles Figure 1-33.

Object Explorer v X
Connect~ 47 %] ¢ 3B
=l 0] BRADLAPTOP\SQL2016RS (SQL Server

# [ Databases

@ 3 Security

# [ Server Objects

| 1 Replication

| [ PolyBase

| L AlwaysOn High Availability

| 3 Management

1 [ Integration Services Catalogs
@ 1 SQL Server Agent

IR EE

¥

Figure 1-33. SQL Server Management Studio

Pay attention to the named instance and the SQL Server version shown. You may need to expand the
interface to see the version number, but it will be there unless Microsoft takes it away from the interface. My
version is 13.0.1601-5, which is the latest stable release at the time of this writing. As always, you may have
a different version of SQL Server 2016. That'’s fine, considering that Microsoft hasn’t deprecated anything
major, which would affect the outcome of this book. This also means that we have successfully connected to
our new instance and we are ready to get going.

Before we get into anything else, let’s turn on the line numbers in SSMS. It’s a pet peeve of mine. Go to
Tools 4 Options, expand Text Editor, and click All Languages. Figure 1-34 shows the location of this setting.

Just check that box and click OK—and you're good to go.
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Options [4 x

I pl Statement completion
] Auto list members

I Emvironment

B Hide advanced members
General 2] Parameter information
File Extension Settings
: ':::t":g’ge []Enable yirtual space
b Transact-50L [ Word wrap
b XML Friow visus! hs fo

Editor Tab and Status Bar

[] Line numbers

b Cuery Execution i Enet . i URL navigation
b Cuery Results 2 E

b Designers [ Navigation bar

b SOL Server AlwaysOn [W] Automatic brace completion

b SOL Server Object Explorer 4 Apply Cut or Copy commands to blank lines when there is no selection

Nete: This page sets cptions for all languages. To change options for only ene
language, select the desired language from the tree on the left.

Figure 1-34. Line numbers

Microsoft has put out a post-configuration procedure, which we are going to run first. This may possibly
be removed and added to the installation in the future, but for now, follow along to complete installation.
Open a New Query window in SQL Server Management Studio and type the following command:

exec sp_configure 'external scripts enabled', 1
Reconfigure with override

This is the result of executing this code in SSMS:

Configuration option 'external scripts enabled' changed from 0 to 1. Run the RECONFIGURE
statement to install.

Note We already ran the RECONFIGURE statement as part of the query.

Notice that we are executing against the master database and that the query has executed successfully.
This means that R scripting is now enabled in SQL Server. This script is essential because, without it, we
cannot execute R code within the database engine. The reason for this is because the sp_execute_external _
script stored procedure is disabled by default; it must be enabled manually.

Next, we need to verify that R is indeed running. To do this, Microsoft says to restart the SQL Server
instance and run the following script. Restart the instance first, and then open a New Query window and
type the following:

exec sp_execute_external script

@language =N'R',
@script=N'OutputDataSet<-InputDataSet’,
@input_data_1 =N'select 1 as hello’

with result sets (([hello] int not null));

go
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Press F5 to execute the script. The anticipated results are shown in Figure 1-35.

SQLQuery1l.sql - BR...Bradley Beard (58))* + X _

-lexec sp_execute_external_script
@language =N'R",
@script=N'OutputDataSet<-InputDataSet’,
@input_data_1 =N'select 1 as hello’
with result sets (([hello] int not null

go

100% ~

2] Results 3 Messages
hello

Figure 1-35. R installed and communicating correctly

Excellent! The successful execution of this simple script shows us that R is alive and well, and
communicating normally with the SQL Server instance. We can see from the results in Figure 1-43 that we
had a very simple query defined as select 1 as hello, which we return as a column named [hello] using
a data type of, which is not null.

For those that haven’t yet memorized every single system stored procedure, you won't recognize that
sp_execute_external_script is a brand-new stored procedure introduced to execute external scripts. This
stored procedure can be invoked with:

e (@language
e  The name of the supported language. Currently, only R is supported.
e @script

e  The script that is executed (you can either type it all in to the stored procedure
or reference it as a variable).

e @input_data_1
e  The SQL query you're using to gather data from the database goes here.
e @input_data_1_name

e  The data frame that acts as the result set of the @input_data_1 query. This
attribute is optional.

e (@output _data_1 name

e  The data frame variable in @script that holds the output data. This attribute is
optional.

Believe it or not, there are just a few more things that Microsoft says we need to do, so let’s get that out of
the way next.

For the Windows users out there, press Windows key + R, type lusrmgr.msc, and then hit Enter. You
should see your Local Users and Groups, as shown in Figure 1-36.
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=,
File Action View Help
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Pl Defpuiticcount A uner pecount managed by the system.
PilGuest Builtein acceunt for guest acoess o the computes demain
Plcthua Beard  Joshuia Beard
BESOLIGRST  SOLA0IERS Lecal user secount for expcution of R seripts in S0L Server instance SCLI01ERS
PESOLIOIRS0?  SOLA0IERSD2 Local user account for exscution of R scripts in SOL Server instance SOL0TERS
BElSOLIIERS0  SOL20TERE0 Leeal uter aceeunt fee expeution ef R seripts in SOL Server instance SOLIDTERS
PESOLIIGRS0E  SOL0TERS Lical user account for expcution of R scripts in SOL Server nstance SOL20TGRS
EESOLIIGRS0S  SOL2DIRSHS Lical user account for exscution of R scrigts in SOL Server instance SOLI0TERS
PESOLIIGRS06  SOLA01ERS06 Lokl user sccount for execution of R senpts i SOL Server instance SCLI0TERS
PR SCLIIGRSOT  SCL2016RSOT Local user secount for exscution of R scripts in SOL Server instance SOLI0TERS
BESLI0IRS0E  SQL20IERS0S Lecal user account for execution of R SQLAERS
BROCL20IRS0Y  SOL2GRSS Local user exeeution of & oL SOLAIERS
B SOLIIGRSI0  SOL20M6RSI0 Lecal user expoution of R aL s SELCTERS
BESCLIONERSTT  SCA201ERST Local user exscution of R oL SOLA016RS
BESCLI0IRSI2  SCR20ERSI2 Lecal user account for exncution of R scripts in SOL Server instance SCLI0TERS
BSCLITIERSIE  SOLIOIERSTE Lotal user account for mxscution of R scripts in SOL Server instance SOL0T6RS
EESOUIGRSIY  SQLA0MRSIA Lecal user execution of R S0 Server SOLa6RS
PESOLINERSIS  SOL20TERSTS Local user account for exscution of R scripts in SOL Server instance SOL2016RS
BESOLIGRSIE  SOL20VERSIE Local user account for exscution of R scripts in SOL Server instance SOL2016RS
PSCLIGRSIT  SOLROMERSIT Local user account for exscution of R scripts in S0L Server instance SCL20TERS
PESOLAGRSIE  SOL201ERSIE Local user account for execution of R scripts in SOL Server instance SOL2016RS
BESOLINGRSTS  SOL2ERSIY Local user account for execution of R scripts in SOL Server instance SOL201GRS
PESOLANGRS0  SOL2MERS20 Local user account for execution of R scripts in SOL Server instance SOLA0IGRS

Figure 1-36. Local Users and Groups (Users)

Do you see that? Twenty new user accounts were created during installation and each of them are specifically
created to interact with R Services. These 20 accounts are added to a new Group called SQLRUserGroup<instance_
name>, where <instance_name> is the name of your instance. So in my case, my group is named
SQLRUserGroupSQL2016RS. If you followed this naming convention, yours will be named that as well.

Click the Groups option on the left of your screen. You should see what’s shown in Figure 1-37.

File Action View Help
o nmid Bm

B Lecal Users amd Groups (Le<al) || Hame B Description Actions
i U 8 Access Control Assistance Openators Miernbers of this group cam remot—. Groups -
i vaenl B Administrators Administrators have complete an... SR ¥
& Backup Operators Backup Operators can ovemmide se..
&8 Cryptographic Operators Members are authorized to perfer..
&5 Debugger Users [Debugger Users are non administr._.
& Dissributed COM Users Mernbers are allowed to launch, a__
&5 Bvent Log Readers Memnbers of this group can read e
35 Guests Guests have the same access a5 m..
85 HelpLibranAUpdaters
38 Homelhuars Homelsers Security Group
5 Hyper-V Adminitraton Memnbers of this group have com...
s Juses Busilt-in group used by Internet bof...
S Mebwork Configuration Operstors Mernbers in this group can have 5.
S8 PowComputeNodedcoess SOL Server service sccount thoul .
S Performance Log Users Mernbers of this group may sche...
2 Peformance Monitor Users Memnbers of this group can scces...
5 Power Users Power Lisers are inclucied for back -
8 Remote Desktop Lhers Mernbers in this group are grante...
L G Usert Memnbers of this group can scces...
5 Rephicator Supports file replication in a dom...
501 AUserGroupSQLI01ERS SOLAUserGreoupSQLINERS
B 500 Serves DUSS0A BremerlUserSERADLAPTOP  Mernbers in the growp have the re...
5 S0 ServerMSASUerSERADLAPTOPSMSSCLSERVER Memnbers in the growp have the re...
B S0LServerMSASUSerSERADLAPTORSSOLIDIGRS  Memnbers in the growp have the re...
8 system Managed Accounts Group Members of this group are mana...
Users Users are prevented from making .
& W5 ADMIN WPG
B wss WG

Figure 1-37. Local Users and Groups (Groups)
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Double-click the SQLRUserGroupSQL2016RS link. You should see what is shown in Figure 1-38.

SOLRUserGroupS0LXT16RS Propenies T X

Gerend
B sorimesmesaueRs
.

Cgsoiption: SOLALerGroupSQLIIERS

Changes 10 3 user’s group membenship
A . 2% nct efoctrvs urtl e et e e
v loge on

o] [ conce e
Figure 1-38. SQLRUserGroupSQL2016RS detail

The way that this is configured, we can work just fine from this server. We don’t need to define anything
else or add any other user accounts, since we have already verified that R is working correctly in the
database. Microsoft has some pretty good articles about how to configure the database instance to accept
R scripts from external developers, which essentially entails adding the SQLRUserGroupSQL2016RS group
as anew login in SQL Server. That way, when a user connects to the database instance to run R scripts, one
of those 20 new user accounts is used to execute the script through the Launchpad service on behalf of the
user. Microsoft has dubbed this implied authentication, since a user in the group would then be able to
access SQL Server R Services remotely.

Summary

Let’s briefly review what we covered in this chapter.
e Installed a full SQL Server 2016 instance
e Installed SQL Server Management Tools
e  Configured R after installation
e  Verified that R is installed correctly by running the script specified earlier

This was a pretty important first chapter. We covered a lot of ground, so if anything was unclear, now is a
great time to go back through and try it again.

Next, we install R Tools for Visual Studio, which we will use to write our R code. This first part was
obviously necessary to get the R functionality and the database instance installed at the server level. We now
shift our focus to getting the client side set up with our development tools.
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Setup and Installation of R Tools
for Visual Studio

Now that we've got SQL Server 2016 installed correctly, we need to have some sort of IDE to develop our
code in. Microsoft has made Visual Studio 2015 even better by introducing a brand-new R GUI as part of
Visual Studio. This is simply named R Tools for Visual Studio.

There are other R GUISs that you can use, if you would like. You are not constrained or forced to use R
Tools for Visual Studio at all. If you currently have a favorite IDE, then by all means, continue to use that one.

SQL Server Data Tools

One quick thing before we get started. We will not be using SQL Server Data Tools for this book. Instead,
we will use R Tools for Visual Studio. That much should be obvious by the chapter title. The reason is pretty
simple, but it took me a minute to figure it out. Let’s look at the difference between the two.

e  SQL Server Data Tools

e Develops solutions for Analysis Services, Reporting Services, or Integration
Services. Allows for connected database development; that is, the “live” editing
of databases.

e R Tools for Visual Studio

e  Specifically designed as an R GUI for current Microsoft users who want to stay
with a familiar interface while learning about R. Does not interact with the R
instance in SQL Server, so needs to have a separate installation called Microsoft
R Open in order to execute any R code.

The main reason that we are using R Tools for Visual Studio (RTVS) and not SQL Server Data Tools
(SSDT) for this book is because RTVS can be used to develop R code, and SSDT cannot. SSDT can connect to
the database instance and run queries against the database, but it is not an IDE for R. Alternatively, RTVS is
an IDE for R, but in the constraints of this book, we are not connecting to the database instance directly.

That should help you figure that out quickly. The main difference to me is that SSDT runs an internal
process, while RTVS runs an external process. You may find other differences between the two, so if you do,
good work. As I said, though, we use RTVS in this book.
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Visual Studio

In addition to the installation of Visual Studio, you need to download the extensions for R that go into
Visual Studio. That way, RTVS has a version of R to execute code against. To get this done easily and with
instructions all in one place, Microsoft has a site that explains R Tools for Visual Studio (RTVS). It is at
https://beta.visualstudio.com/vs/rtvs/. A portion of this site is shown in Figure 2-1.

B2 Microsoft Technologes Documentatior Resources

Visual Studio Visual Studho IDE Features Offerngs Downloads Support Bog Subrcnber Access m

o @

R Tools for Visual Studio

Download R Tools for Visual Studio &

Figure 2-1. R Tools for Visual Studio site

The first step, as  mentioned, is to get Visual Studio. Go ahead and click the Free Visual Studio link
shown in Figure 2-1. It is the white box in the top-right corner. Another page opens, as shown in Figure 2-2,
with a download link for Visual Studio Community on the left of the page.

B% Microsoft

Visual Studio Code
A powerhil sdtor that's fee, open
siulnce, and runs evorywhere.

Visual Studio Team Services

Agile fook, Git, and contiqucs
intogration for any languoge and any.

</>

Figure 2-2. Download Community 2015

We can see from the graphic that pretty much anything can be developed by Community 2015. Scroll
down and click the Download button underneath the purple rocket ship graphic. You should see what is
shown in Figure 2-3.
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Please take a few seconds to help us improve
your product experience.

Ko han

Thank you for downloading Visual Studio

Figure 2-3. Installer download begins

If you take a look in the Downloads folder, you see that the installer has downloaded. It’s a tiny 209KB
install, which is very likely to download before you can even open your Downloads folder to check for it.

You can go through the survey mentioned in Figure 2-3 if you really want, but I said No thanks. Sorry,
Microsoft!

Go to your Downloads folder and double-click the file named vs_community_<random string that
looks like a GUID> . exe. Of course, you have a different random string than I did, so look for the file that
begins with vs_community. That’s the one that you want to double-click. You should then see Figure 2-4 on
screen. You are about to begin the install, which consumes several gigabytes of bandwidth.

Open File - Security Waming x

Do you want to run this file?

Name: .0-183 9-TEAB1892AF35\vs community.exe

Publisher: Microsoft Corporation
Type: Application

From: C:\Users\BRADLE~1\AppData\Local\Temp\{2TE7T3A80-...

, While files from the Internet can be useful, this file type can potentially
a harm your computer. Only run software from publishers you trust.
What's the nsk?

Figure 2-4. Open File
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Go ahead and click Run. You will see Figure 2-5 pop into view.

oq Visual Studio

Community 2015

Figure 2-5. Initializing setup

Eventually, you get to Figure 2-6, which shows the configuration options for Visual Studio Community 2015.

oq Visual Studio

Community 2015

Choose your installation location
Setup requires up to 8 GB across all drives.
Cl the type of installation
®  Default
Includes C#/VB, Web and Deskiop features
to customize features for your installation

You can add or remove additional features at any time after setup via

Programs and Features in the Control Panel.

Figure 2-6. Choose installation type
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From here, we can either choose Default or Custom. We really only need the basic functionality of
Visual Studio, so keep the default option selected and click Install.

The screen shown in Figure 2-7 then appears; this begins the actual installation of Visual Studio
Community 2015.

oq Visual Studio

Community 2015

Creating a system restore point...

Figure 2-7. Installation begins

The installation runs for quite a while until completion. Note that there are probably required updates
that need to be downloaded along with the actual application; so be patient and let it do its thing.

You eventually get to see Figure 2-8, which shows that the application has completed installation
successfully.
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oq Visual Studio

Community 2015

Figure 2-8. Setup Completed

Visual Studio is now installed. Next, we need to download R Tools for Visual Studio, but first restart your
machine by clicking the Restart Now button, or closing and saving everything first and then restarting.

Once you restart, you may see Figure 2-9, which shows a nice little splash screen saying that Visual
Studio has been installed.

Welcome to Visual Studio

Ve are glad to have you with us

8| A2a
2500 1 St
i 0] By

Get started Watch videos Collaborate now

Figure 2-9. Welcome to Visual Studio
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If you didn’t see this screen come up after rebooting, that’s probably okay. As long as you successfully
installed Visual Studio, you should be good to go. Read further for installing the rest of what we need to start
testing R functionality.

Download R Tools for VS

The second step, shown in Figure 2-1, is to Download R Tools for Visual Studio. Clicking the Download
R Tools for Visual Studio link, also shown in Figure 2-1, starts a download of what I need to install. The
downloaded file is named RTVS_2016-06-23.7.exe, as shown in Figure 2-10.

D RTVS_2016-06-23.7.exe

Figure 2-10. RTVS file name

You may end up having a different file name than this, but that’s okay. Microsoft manages the future
releases of this product, so we can assume that it is fine to install whatever application is presented from the
link that you have clicked.

Run the executable once it's downloaded. You'll see the Figure 2-11, showing that you are ready to begin
installing the R Tools. Click the Install button to start the installation process.

pq Visual Studio

R Tools 0.4 for Visual Studio 2015

Setup requires up to 8 MB across all drives.

Figure 2-11. R Tools 0.4 for Visual Studio
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The installer starts doing its thing, eventually showing the completed R Tools installation interface in
Figure 2-12.

pq Visual Studio

R Tools 0.4 for Visual Studio 2015

Figure 2-12. R Tools 0.4 for Visual Studio installation complete

Clicking the Close button, as shown in Figure 2-12, also opens a web page, so let’s take a look at that
next in Figure 2-13.

Visual
Studio R + D Visual Studio

Thank you for installing RTVS Public Preview!

Home
Downioad
Docs GitHub
Code GitHub

About this release

Report issues

Resources

Figure 2-13. Opened web page

Isn’t that nice! Microsoft gives us a nice page all lined up with resources and everything. This page may
change when you set yours up, but it probably will be fairly similar. I strongly urge you to go through the
listed resources to gather as much information about R as you can. Once we get into the interface of RTVS,
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I show you an even better way for getting documentation on R, but for now, just peruse this site generally so
that you are aware of what is available.

Back to the setup screen shown in Figure 2-12, press Close. R Tools for Visual Studio has now been
successfully installed.

Download Microsoft R Open

The final step to getting the installation all working is to install Microsoft R Open. Go back to the web page
provided by Microsoft and shown in Figure 2-1 and click the Download Microsoft R Open link. At this point,
another web page opens; its URL is https://mran.revolutionanalytics.com/download/. Figure 2-14
shows the Microsoft R Open download page that you should see at this point.

MRAN

Download Microsoft R Open 3.3.1, the enhanced R distribution

the enhanced distribution of &

Microsoft R Open & MKL Downloads

eptionsl

Platforms (6481t anly) Downloads

Windows

Ubuntu

Figure 2-14. Opened web page

Notice that the download for Microsoft R Open is available for 64-bit platforms only. Microsoft R Open
is available for 64-bit versions of Windows (7 SP1, 8.1, 10, Server 2008 R2 SP1, and Server 2012), Ubuntu
(14.04 and 15.04), Red Hat Enterprise Linux (7.1 and 6.5), and SUSE Linux Enterprise Server 11.

Go ahead and click the link for your operating system; the download should start. At the time of this
writing, the file name is microsoft-r-open-3.3.1.msi for the Windows installation and it is 131MB in size.
The executable takes a little while to download, so go grab a drink or something while you're waiting.

Has Microsoft R Open finished downloading? Good. Then let’s go ahead and install it now. Double-click
the executable that you've just downloaded. Figure 2-15 shows what you should see at this point.
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ii2 Microsoft R Open 3.3.1 Setup = X

Welcome to the Microsoft R Open 3.3.1
Setup Wizard

Microsoft R Open is the enhanced distribution of open source
R from Microsoft Corporation. Enhancements indude a fixed
CRAN repository date, and reprodudble R with the
checkpoint package.

The MKL library and RevoUtilsMath package provide

multicore processing for many basic linear algebra operations
and standard numerical algorithms.

Figure 2-15. Starting Microsoft R Open installation

Click Next. You should be taken to the screen shown in Figure 2-16. This screen provides some detail
about the impending installation. Read over the information given, click the I Acknowledge check box, and
then click Next when you are ready.

ii2 Microsoft R Open 3.3.1 Setup = X
Licensing Information
Microsoft R Cpen is an enhanced distribution of R A

made available by Microsoft under the GNU General
Public License v2. The full text of this license is
provided in the file COPYING in the top-level
Microsoft R Open installation directory.

R is @ the R Foundation for Statistical Computing.
For more information on R-related products and
services, visit http://r-project.org.

[]1 acknowledge the above licensing information!

Print Back Next Cancel

Figure 2-16. Information
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The next screen, shown in Figure 2-17, shows the Install Math Kernel Library (Intel© MKL)
installation option.

i5 Microsoft R Open 3.3.1 Setup - X
Install Math Kernel Library (Intel® MKL)

Intel® Math Kernel Library (Intel®) accelerates math processing routines that increase
application performance and reduce development time.

When installed along with Microsoft R Open, these libraries automatically use all available
cores and processors to significantly reduce computation times — without the need to
change a line of your R code. There's nothing spedal any packages needs to do to benefit
from the libraries either. In fact, any package used for vector/matrix operations wil
experience enhanced performance automatically when these libraries are installed.

[ Install Math Kernel Library (Intel® MKL)
ot | [ e [Er ] | one
Figure 2-17. Install Math Kernel Library (Intel© MKL) option

This is completely your decision to install or not, since it is not a required installation portion, but it is
recommended that you install it. The reason it is selected by default is that the addition of the math kernel
library allows your R code to use all available resources to generate a result, which means that it gets done a
lot faster (depending on the speed of your machine and the available resources). I also recommend leaving
this option checked. Click Next when you are ready to move on.

Next, we have to accept the license terms for the MKL that we are installing. This is shown in Figure 2-18.

At this point, make sure that you click the I accept check box, and then click Next to move on.
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i@ Microsoft R Open 3.3.1 Setup

MKL Licensing Information .E§
[Microsoft R Services MKL ~
End User License Agreement
These license terms are an agreement between
Microsoft Corporation (“Microsoft” or “us”) and you
(“User” or “you”). Please read them. By selecting
the “I ACCEPT” box, accessing, or otherwise using
the R Services MEL software or documentation, you
agree to all the terms of this agreement. If you do
not agree with all of these terms, do not select the
“T ArrFPTY hawy arrsaa nr ntharwias nas thae B
[CJ1 accept the MKL license terms

Print Back Next Cancel

Figure 2-18. Accept MKL license terms

Next, the screen in Figure 2-19 shows the destination location information. Click Next to accept the
target folder.

i@ Microsoft R Open 3.3.1 Setup

Destination Folder
Click Next to install to the default folder or dick Change to choose another. EEE;;

Install Microsoft R Open 3.3.1 to:

|C:\Program Files\Microsoft WMRO-3.3.1\
..chuxp".\

Figure 2-19. Select Destination Location
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Click Next here. The following screen, shown in Figure 2-20, lets us begin the installation; click Install
when you are ready.

i Microsoft R Open 3.3.1 Setup X

Ready to install Microsoft R Open 3.3.1

Click Install to begin the installation. Click Back to review or change any of your
installation settings. Click Cancel to exit the wizard.

bk [ Qiwal ] | Concel

Figure 2-20. Ready to install

Figure 2-21 shows the installation running. It doesn’t take very long, thankfully.

Installing Microsoft R Open 3.3.1

Please wait while the Setup Wizard installs Microsoft R Open 3.3.1.

Status: Installing packages
e

Figure 2-21. Installing
45



CHAPTER 2 © SETUP AND INSTALLATION OF R TOOLS FOR VISUAL STUDIO

Finally, we are done installing Microsoft R Open. Figure 2-22 shows the final screen you should see at
this point in the installation.

ii2 Microsoft R Open 3.3.1 Setup = X

Completed the Microsoft R Open 3.3.1
Setup Wizard

Click the Finish button to exit the Setup Wizard.

Figure 2-22. Installing

Click the Finish button, as shown in Figure 2-22, to finish the installation. No reboot is needed at this
point. You have all you need to be up and running with R in Visual Studio.

Visual Studio Environment

Now that we have everything installed according to Microsoft, let’s take a look around our new development
environment and see what is new, changed, or different. For those of you that have used Visual Studio before
(and that’s probably a large number of you), you see the familiar Visual Studio environment. For those of you
that haven’t used Visual Studio before, I invite you to spend a little time poking around in the various menu
sections to see how comfortable you are with the user interface. Again, if you have a familiar IDE that you
would rather use to write R code, by all means, go ahead and use that one instead. I will guide you along a
quick introduction to the menus specifically pertaining to the new R functionality in Visual Studio 2015.

Go ahead and start Visual Studio. You might see screens prompting you to connect to developer
services. If you see this, go ahead and press Maybe Later. Those are expected. You eventually get to the main
IDE screen shown in Figure 2-23. Look at the menu bar for the R Tools menu that is just a bit to the right of
the center of the menu toolbar.
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DG St Page - M Ve s

& P o x
fle s Yoo Qoo Tom Jooh Tep RBlech dgshee ndew ey ey Baaed +
g-tur Boamch - P E &a 3
WerPuge =
e e e o fean
Visual Studio Discover Visual Studio Community 2015 > R

Figure 2-23. R is installed as part of Visual Studio

The R Tools menu is home to all the R functionality now available from Visual Studio. Opening this
menu shows the options in Figure 2-24.

[ L

e IS Vs ey e Tesh Te Bleek | Madye  Wedes ey

Visual Studio

New on Microsoft Platforms
]

Featured Videos

Figure 2-24. R Tools menu options

Let’s take a look at those menu options. The following subsection gives a brief description of what each
menu option does for you and what that menu option allows you to control.

Session

The Session option lets you conduct R sessions. The following are the available options:
e InterruptR
e  Attach Debugger

° Reset
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e Load Workspace...

e  Save Workspace As...

Plots

The Plots option lets you define how you want your results to be shown. The following are your available
options:

e  Previous Plot

e  NextPlot

e  Save as Image

e  Saveas PDF

e  Copy as Bitmap
e  Copy as Metafile
e Remove Plot

e  (Clear All Plots

Clearly, you can see that this is a huge help. The ability to export these plots as the various types
mentioned is already a pretty big advantage over some other systems that only generate in Flash or
Silverlight, for example.

Data

The Data option lets you define how you want to consume data that already exists. The following are you
available options:

e Import Dataset into R Session from Web URL...
e Import Dataset into R Session from Text File...
e  Delete All Variables

Iwonder if we will get the option to connect to different databases and/or installations in the future...?
It would be an interesting development, should Microsoft decide to pursue that path. I think that making
more data sources available for consumption is only going to enhance the usability of the product.

Working Directory

The Working Directory option allows you to change your working directory. Your working directory is
different from where the installation of R is installed, for example. A working directory means that this is
where you save the files that you are working on.

e  Set Working Directory to Source File Location
e  Set Working Directory to Project Location

e  Select Working Directory...
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Windows

The Windows menu lets you open new windows to monitor what is going on with your R scripts. The
following are the available options:

e  Source Editor

° R Interactive

e Help
e  History
e  Files
e Plots

e  Packages
e  Variable Explorer

These options replace the regular views that you may have for class view or stack traces, apparently.
Since R is a totally different beast, it stands to reason that there are different ways of viewing the data and the
development tasks.

Install Microsoft R Client...

You select the Install Microsoft R Client option when you want to install the R client as a download from
Microsoft. We don’t want to do this, so just leave this alone. I explain the different components to Microsoft’s
R products shortly.

Change R to Microsoft R Client

You select Change R to Microsoft R Client when you havea local installation of R that you want to convert
to an instance of Microsoft R Client. The implication is that Microsoft R Open is installed, since that is a
prerequisite to running R Client. In the instance, we also don’t want to change to an R client. This implies
that we are connecting to a remote database instance, which we are not. We are connecting locally.

Microsoft R Products...

The Microsoft R Products menu option is essentially a shortcut to a URL. Selecting the option takes your web
browser to https://www.microsoft.com/en-us/cloud-platform/r-server, where you can view Microsoft’s
product options for R Server.

RTVS Documentation and Samples

The RTVS Documentation and Samples option takes you to documentation and samples relating specifically
to R Tools for Visual Studio. Two sub options are available:

e  Documentation: This option takes you to a web site (http://microsoft.github.
i0/RTVS-docs) that goes through the documentation for the tool.

e  Samples: This option takes you to a web site (http://microsoft.github.io/RTVS-
docs/samples.html) thatlets you see a rather large sample of R scripts available. We
will come back to this section in a little while.
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R Documentation

The R Documentation menu item provides easy access to documentation on the R language itself. There are
four options available here:

e Intro to R: Clicking this option takes you to https://cran.r-project.org/doc/
manuals/r-release/R-intro.html.Ithought this was an interesting addition.
Microsoft linked the entire R documentation set right into Visual Studio. All you have
to do is click the link—and you're there.

e  Task Views: This link goes to https://cran.r-project.org/web/views/, which
shows a list of task views that can be downloaded and installed. A task view, in this
context, is a group of libraries that work together for a common purpose. There are a
lot of them here, so go explore them when you get a chance.

e  Data Import/Export: This link goes to https://cran.r-project.org/doc/manuals/xr-
release/R-data.html, which is another documentation set. Light reading, no big deal.

e  Writing R Extensions: Finally, this link goes to https://cran.r-project.org/doc/
manuals/r-release/R-exts.html, which is yet another extensive documentation set.

There is a lot of information available on R from these menu options. Take advantage of what’s available
anytime you have questions about the language. I highly recommend reading through the documentation, at
least briefly, so you can get familiar with how R works syntactically. That makes the later part of this chapter
much easier to work with.

Feedback

Select the Feedback menu option to rate the product. The following are the available options:
e  Reportissue on GitHub
e  Send Smile via E-mail
e Send Frown via E-mail

Any feedback that you choose to send gets routed eventually to Microsoft.

Check for Updates

Select Check for Updates to check for and download updates to R Tools for Visual Studio.

Survey/News

Choose the Survey/News option to be taken to http://rtvs.azurewebsites.net/news/, where Microsoft
posts news about R. There is also the Survey option, which at this time is “experimental.”

Editor Options

Choose Editor Options to get into customizing the interface options. This is the same action as Tools &
Options in the regular menu, except this menu confines the options by default to the R context menu. There
are various options, including how IntelliSense operates, formatting, and the general sort, such as line
numbers and word-wrap features.
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Options

This option lets you customize the environment options. This is different than the Editor Options menu
because the Editor Options menu only dealt with the options available from the Editor context. The Options
menu lets you deal with the actual environment options for R, such as debugging, CRAN mirror location,
general help settings, and the R installation location.

Data Science Settings

Selecting this option opens up a modal dialog window shown in Figure 2-25. You are given the option to
reconfigure Visual Studio for use by so-called data scientists. You'll get a window layout and some keyboard
shortcuts that Microsoft deems useful to those doing data analysis in R.

Microsoft Visual Studio

0 This will reset Visual Studio window layout to the Data Scientist profile.
If you prefer to save existing Visual Studio settings please use Tools >

Import/Export Settings instead to switch profiles. You can also go back

to the original VS settings profile via Import/Export Settings. Proceed?

T

Figure 2-25. Reset options

Go ahead and click Yes. Another screen might open, as you can see in Figure 2-26.

Microsoft Visual Studio

Do you want to reset keyboard shortcuts to be compatible with the
RStudio where possible?

T

Figure 2-26. Reset keyboard options
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If you would like to reset your keyboard shortcuts while using RTVS, click Yes; otherwise, click No.
We can now see an updated interface. Take a look at Figure 2-27 for a look at the changes.

Figure 2-27. Updated interface

You can see that I have my interface laid out so that R Interactive is the main window in the bottom-left
corner. On the right, I have Variable Explorer and Solution Explorer at the top. R Plot, R Help, and R History
are all laid out nice and neat at the bottom. This is proof of concept that R is installed and working correctly.

Let’s briefly discuss what Microsoft makes available in their R product line.

e  Microsoft R Server: An enterprise-class platform running Hadoop, Teradata DB, or
even Linux to provide powerful interactions with data. Uses ScaleR technology for
parallelization.

e  Microsoft R Client: A free data science tool that works with Microsoft R Open.
R Client uses remote data and processes the operations locally. Uses ScaleR
technology for parallelization.

e  Microsoft R Open: Microsoft’s “version” of R. Called MRO for short, it is fully
compatible with R code in every way. It does not reference the proprietary ScaleR
technology though.

e  SQL Server R Services: Integrates R into SQL Server’s database engine natively.
ScaleR is available in Enterprise Edition only though.

Additionally, R Server is a server-class analysis platform and R Client is a client-based tool. MRO
provides the interface to R from a client. So, for example, in a typical data analysis environment, there would
be an R Server running an instance of SQL Server R Services, Hadoop, Teradata DB, or Linux, with one or
more R Client connections running MRO to interact with the data in the R Server or in the SQL Server R
Services instance. The clients could either consume the resources on their local workstations using the
ScaleR functions, or do the computing on the R Server using SQL Server R Services or one of the other
analysis tools (Hadoop, Teradata DB) on either Windows or Linux servers.

For the examples in this book, the R Server instance is our SQL Server R Services database instance and
the R Client is our installation of RTVS with MRO.
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Exploring Samples

Let’s go back to the Samples link in the RTVS Documentation and Samples menu item. That link is
http://microsoft.github.io/RTVS-docs/samples.html. On that page, there is a download of a . zip file
containing examples that we will use to get familiar with the new R environment. Unzip that .zip file to a
location that you can access, and then navigate to RTVS-docs-master/examples and double-click README.
MD. This opens this doc in RTVS. Figure 2-28 shows this document once opened.

### RTVS examples

w N =

Here are two sets of examples to get you started with R Tools
for Visual Studio.

Viob

**A First Look at R** shows you how to open and run an R script in
the interactive terminal.

“J

9  **MRS and Machine Learning®** shows you how to use R and Microsoft R Server
12  to create machine learning models and handle large data sets.

12 The README files in each directory give more detail about each example.

Figure 2-28. Readme file

We need to get a little bit familiar with R as a language before we attempt to get into any sort of
development activity, so let’s step through some of the examples given in A First Look at R. In the tutorial
featured later in this book, we deal with the R Server aspect a lot more, since we will directly interface with
SQL Server R Services to create a report with embedded information.

There is an awful lot of information about R on the internet, so if you already know about it, then you
can consider this a refresher course. If not, no worries. I'm not going to get into the complete history of R and
I'm not going to make this a comprehensive guide to all of R’s functionality. Instead, I highlight the basics—
and we can go from there. I think that will be enough to whet the proverbial whistle and get our minds keen
on the practicality of using R for serious data analysis.

A First Look at R

Navigate to RTVS-docs-master\examples\A first look at R and double-click the README.MD file in
that directory. Figure 2-29 shows what you should see at this point.
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READMEmd + X

je#s A first look at R
These scripts let you take R for a test drive.

#88% 1 Getting Started with R.R

The comments in this script give helpful information about R and how to use it.

To get the most out of it, set the cursor at the top of the script and press

CTRL-Enter to scroll through it line by line. This will let you see the cutput of
3 each command. Getting Started shows you some R fundamentals, like installing

packages, loading data, plotting it and fitting a model.

12  ##%2 2 Introduction to ggplot2.R

13 ggplot2 is an R graphing package known for its visually appealing plots

14 and simple syntax.

15 Execute this script line by line by pressing CTRL-Enter to see several options
for visualizing earthquake data from Fiji.

Figure 2-29. A firstlook at R README

That document tells us that we get to “take R for a test drive” by running R scripts provided by Microsoft
in the .zip file that we downloaded earlier. Navigate back to the RTVS-docs-master\examples\A first
look at R directory and double-click 1-Getting_Started_with_R.R. The script is opened in RTVS, as shown
in Figure 2-30.

1-Getting_Started_with RR = X NN FOE]

1 f# Getting Started with R
#82 Some Brief History

R followed S. The S language was conceived by John Chambers, Rick Becker,
Trevor Hastie, Allan Wilks and others at Bell Labs in the mid 197@s.

S was made publically available in the early 198@°'s. R, ch is modeled
closely on S, was developed by Robert Gentleman and Ross Ihaka in the early
1998's while they were both faculty members at the University of Auckland.
R was established as an open source project (www.r-project.org) in 1995,
Since 1997 the R project has been managed by the R Core Group.

When ATET spun of Bell Labs in 1996, S was no longer freely a
S-PLUS is a commercial implementation of the S language developed by the
Insightful corporation which is now sold by TIBCO software Inc.

ilable.

EEEEEREEER R

The R Core Group: http://www.r-project.org/contributors.html
Download R: http://cran.r-project.org/

Figure 2-30. Getting Started with R script

At this point, all that we are going to do is step into this R script and execute some portions to get an
idea of how R is laid out syntactically and how it might compare to other languages. We pretty much go line
by line through the Getting Started with R script so that we can really understand what this introduction is
getting across.

It is worthwhile to read through the first 75 lines of comments, as this sets up your basis as a new R user,
or refreshes your memory if you're a legacy R user. Either way, there is something for everyone here, so be
sure you read it thoroughly, particularly the R Resources and R Blogs sections. The Help section is always
good, so don't skip over that one either.

Line 76 is the first executable R script. That line is very simply installed.packages (). This simple line
lets us see what packages are already installed; so highlight line 76 and press Ctrl+Enter to execute it. Note
that your R Interactive window (which should still be up) starts loading up a lot of information, as shown in
Figure 2-31.
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+

1-Getting_Started_with RR « X

® L 1 av
installed.packages()

List all “attached” or loaded packages.
search()

RODBC
rpart
RUnit
spatial
splines

statsd
survival

teltk

tools
translations ~

3.2.2
3.3.9
3.3.1
3.3.1
3.3.1
3.3.1
stats “5.5.1"
"3.3.17
3.3.1
3.3.1
3.3.1
3.3.0
utils 3.3.1

W00% =~ 4 3

Figure 2-31. R Interactive window

You can scroll up in the R Interactive window to see exactly what happened, but it’s strictly
informational, at this point. It can be useful to peruse this generated content to ensure that you have the
latest version of an installed package, for example, but for general use, it's good to know that it’s there.

Note there is now a value in the R History window as well. This is very handy in case we ever need to
re-execute a line of code. All you need to do is highlight the code you want to re-execute and press Enter. This
moves the code from the R History window to the R Interactive window. From here, press Ctrl+Enter to execute
the line of code as normal.

Highlight line 79, which reads search(), and execute it. This gives us a listing of the currently loaded
packages for this R session. Next, we attach a package using the 1ibrary() function, which is how R makes
functionality particular to a specific package available to the session.

Skip down to line 85, which reads library(foreign). This means that we include the foreign library
functionality in the current session. Highlight line 85 and press Ctrl+Enter to execute it. As soon as you see
the caret at the bottom of the R Interactive window turn back to the greater than sign (>), then you know that
the code has completed executing. Figure 2-32 shows what you should see at this point.
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1-Getting_Started_with RR & X
+
functions available,
.
. eign” package comes with R and contains
= ti ata from other systems -]
library(foreign)
Yeu can get help on a package using
library(help = foreign)
1 a new package, use ins
= he ggplot2 kage for it
< 4f (!require("ggplot2™)){
} install.packages(“ggplot2”) -
100% -~
R Interactive *3x
OE ¢ +|OA| D1 x| D AtachDebugger | 5% % - -3
statsd "3.3.1" >
survival "3.3.1°
tcltk “3.3.a"
toels "3.3.1"
translations ~3.3.1%
utils "3.3.1"
» search()
[1]) ~.Globalny™ -.rtvs” “rtvs:graphics:iide”  “package:stats
(5] “package:graphics” “package:groevices” “package:utils” “package:dotasets”
[9] “package:RevoUtilsMath™ “package:sethods™ “Autoloads™ “package:base”
» library(foreign)
W% =4 »

Figure 2-32. Line 85 execution

This isn’t in the R script we are working with, but if you go back now and execute line 79 again, you
should see what is shown in Figure 2-33.

1-Getting Started with RR & X

1 "attached” or

+*
loaded packages

library(foreign)

# You can get help on a package using:
library(help = foreign)

" 11 1
S4f (lrequire("ggpl

pac ity
] ot2")){
install.packages( “ggplot2™) -
0% -
OE++ D8 DY~ | D AtachDebugger | § L - -
» search()

[1] =.GlobalEnv" “.rtvs”
[5] ~package:graphics™ “package: groevices”
[9] “package:RevoutilsHath™ “package:methods”™

“rtvs:igraphics::ide”

“package:stats”
“package:utils”

“package:datasets”

“autoloads” “package:base”
» library(foreign)
» search()
[1] ~.GlcbalEnv™ “package:foreign” “.rtvs” “rtvs::grophics: :ide”
[5] “package:stats” “package:graphics” “package:groevices” “package:utils”™
[9] “package:datasets™ “package:RevoltilsMath™ “package:methods™ “autoloads™
[13] “package:base”

W% -4

Figure 2-33. Line 79 execution showing foreign library

Note how R Interactive shows the listed items? It is done in groups of four, with the starting n-index
number being shown as the leftmost column, followed by four packages. The next line begins with the n+4
index, and then lists another four packages, and so on. Now see how the first execution of search() showed
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12 packages, but we can now see 13 packages returned in the newly returned search() command. We can
see the addition of the foreign package as the reason for this, so that is our proof that the package was
successfully added to our current R session.

When packages are added to the R mirrors, they always include a Help section. You can reference this
Help section by highlighting line 88 and pressing Ctrl+Enter. This opens the help documentation as another
page within the top frame in RTVS. Figure 2-34 shows this result.

Documentation for packag

+
Information on packsge ~foreign’ 7
Description:
Package: foreign
Priority: recommended
Version: @.8-66
Date: 2015-06-28
Title: Read Data Stored by Minitab, §, 545, SPSS5, Stata, Systat, Weka, dBase, ...
Depends: R (»= 3.0.0)
Imports: sethods, utils, stats
Authors@f: e person("R Core Tean™, emall = "R-core@R-project.org™, role = c{"aut™, “cph®,
“ere®)), person(“Roger~, “Bivand®, role = e{"ctb®, “cph)), persen(c(“Vincent=,
*1."), "Carey”, role = c("ctb”, "cph")), person(“Saikat™, "DebRoy”, role = c("ctb”,
“cph”}), person(~Stephen”, "Eglen”, role = c(“ctb”, “cph”)), persen{“Rajarshi,
1 “Guha™, role = c{"cth”, “cph™)), person(“Wicholas™, “Lewin-Koh™, role = cf"ctb™, -
00% =« 4 b
R Intesactive 3 x
OE+ AN £ Attach Debugger | {1 % - 5
L e "
Type 'deso()’ for some desos, “help()' for on-line help, or
“help.start()’ for an HTHL browser interface to help.
Type 'q()" to quit R.
Microsoft R Open 3.3.1
The enhanced R distribution from Microsoft
Microsoft packages Copyright (C) 2016 Microsoft Corporation
Using the Intel MKL for parallel mathematical cosputing(using 2 cores).
Default CRAN mirror snapshot taken on 2016-87-01. See: hitps://eran.microsoft.cos/.
library(help = foreign)
00% = 4 b

Figure 2-34. Help documentation for foreign library

You can close that documentation. Next, skip down to line 90. We are going to install ggplot2, which
is probably the most popular and robust charting package available for R. Highlight line 92 through 94 and
press Ctrl+Enter to execute. Figure 2-35 shows the result of this.
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1-Getting_Started_with AR

library(foreign)

® You can get help on a package using

library(help = foreign)

=if (!require(“ggp. ¥
install.packages(“ggplot2”)
}

& Then load the package
library("ggplot2”)
hi}

300 %

R Interactive 3 x
oE+ 4 AN =
7;’;2’;;; -;; quit R =

Microzoft R Open 3.3.1
The enhanced R distribution from Microsoft
Hicrosoft packages Copyright (C) 2016 Microsoft Corporation

Using the Intel ML for parallel mathematical computing{using 2 cores).

Default CRAN mirror smapshot taken on 2016-87-81. See: hitps://sran.microsoft.com/.
if (!require("ggolot2™)){

+  install.packages(“ggplot2™)

Loading required package: ggplot2

Wo% =4

Figure 2-35. Loading ggplot2 package

Now that ggplot2 is loaded, we need to run the 1ibrary() function in order to load it into the current
R session. This is shown in line 97; highlight this line and execute it, and then execute line 98 as well. Line 98
says search() shows the currently loaded packages. Notice that ggplot2 is now added to the list of currently
installed packages for this session.

Next, we look at a simple regression example, as shown in the script. First, I need to point out
that the ggplot2 package comes preloaded with quite a few sets of data that is to be used to test the
functionality of the package. This data is accessed as shown on line 105, using the syntax data(package =
"ggplot2")$results. This syntax says that we want to run the data() function against the ggplot2 package
and return the subset of the output referenced as results to the screen, as shown in Figure 2-36.
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4 Simple Regression Example

# Look at the data sets that come

data(package = 'ggplotz'j.sresuit.s
® tiote that the results in RTVS may pop

= ggplot? contains o dataset called diamonds. b
data(diamonds, package = “ggploti™)

® Create a 14

s in the “global envi

1s()

% tow investigate the structure of dissonds, a data frame with 53,940 cbservations

stridiasends)

1 ® Print the first few ro -
100% -~
R Interactive 3 x
OE+ | 0H DY £ Attach Debugger | 6 % - -l
» data(package = “ggolot2”)Sresults
Package LibPath Ites

[1,] “ggplot2™ “Ci/Program Files/Microsoft/MRO-3.3.1/library” “diamonds®
[2,] “ggplot {Program Files/Microsoft/MAO-3.3.1/1ibrary™ “economics™
[3.] "ggplot2 fProgram Files/Microsoft/MA0-3.3.1/library” “econcmics_long™
[4,] “ggplot fProgram Files/Microsoft/MRO-3.3.1/1ibrary” “faithfuld™
fProgram Files/Microsoft/MRO-3.3.1/1ibrary™ “luv_colours™
[6:] “ggplot2 t/Program Files/Microsoft/MRO-3.3.1/1ibrary" “midwest”
[7.] “ggplot2™ “C:/Program Files/Microsoft/MRO-3.3.1/library” “mpg”
[8,] “ggplot2™ “C:/Program Files/Microsoft/MRO-3.3.1/library”™ “msleep”
fProgram Files/Microsoft/MAO-3.3.1/library” “presidential”
:fProgram Files/Microsoft/MRO-3.3.1/1ibrary™ “seals”
[11,] “ggplot2™ “C:/Progras Files/Microsoft/MRO-3.3.1/1ibrary™ “txhousing™
Title

100% <4 »

Figure 2-36. ggplot2 results

Consequently, we could also execute the command data(package = "ggplot2") to see a listing of the
datasets included in the package. Figure 2-37 shows this result.

Rdatasets 8 & > QR Started_with RR README.md -
pata sets in package “ggplot2’: L d
diamonds Prices of 50,000 round cut dismonds b1
econcmics US economic time serdes.
economics_long US econcmic tise serdes.
faithfuld 2d density estimate of 0ld Faithful data
luv_colours ‘eolors()’ in Luv space.
midwest Midwest demographics.

L] Fuel econcmy data from 1999 and 2008 for 28 popular models of car
msleep An updated and expanded version of the masmals sleep dataset.
presidential Terms of 11 presidents from Eisenhower to Obama.
seals vector field of seal movements.
txhousing Housing sales in TX.
W% = 4 »

Figure 2-37. ggplot2 Datasets

Go ahead and close that window, but keep your R script open. We've got the executed result of
data(package = "ggplot2")$results shown in the R Interactive window, so skip down to line 109 next. This
line says data(diamonds, package = "ggplot2"). The syntax of this says that we want to run the data()
command against the diamonds dataset in the ggplot2 package. Highlight that line and press Ctrl+Enter to
execute it. There isn’t any huge change or anything here; all that happened was that the diamonds dataset was
just made available for analysis. The way you know that it was just loaded is to check your Variable Explorer
window. Figure 2-38 shows what the Variable Explorer window should look like at this point.

59



CHAPTER 2 © SETUP AND INSTALLATION OF R TOOLS FOR VISUAL STUDIO

Variable Explorer QX
@ 8| ix Search p-
/2@ GlobalEny -
Name Value Class Type

) diamonds lazyloadDBfetch{c(0L, 509353L), dataf <promise> <promise>

Variable Explorer

Figure 2-38. diamonds dataset loaded

So there is our diamonds dataset, loaded and ready to go. Go down to line 112 next, which says 1s().
That line by itself, without any arguments, only returns the datasets or functions defined by the user in
the current session. Running this simple line of code in this instance only results in the output of a single
word: diamonds. The reason for this is that this is the only dataset loaded for this session. If you were to
execute this line inside of a function with no arguments, you would be able to see the local variables for that
particular function. As you can tell, this can be a useful debugging tool.

Now go down and execute line 115, which says str(diamonds). This command allows us to examine the
structure of the dataset passed in as an argument. Figure 2-39 shows the structure displayed in RTVS.

1-Getting_Started with RR & X
e
18 a led diamonds. Make this dataset available using the data() function. -
ronment”™. Loock for “dismonds™ in the results.
# Mow investigate the structure of diamonds, a dota frase with 53,940 cbservations
str{diasonds)
| Print the first few rows.
head(diasonds)
# Print the last & lines
tail(diasonds)
# Find out what kind of object it is. -
100% =~
OE++ DA DY £ Atach Debugger | 1 % - -l
[1] “diasonds™ =
» str{dismends)
Classes “tbl _df’, “tbl' and ‘data.frame’': 53948 obs. of 10 variables:
$ carat : num ©9.23 9.21 9.23 9.29 9.31 9.24 9.24 0.26 9.22 0.23 ...
$ cut t Ord.factor w/ 5 levels “"Fair®<"Good™¢..: 54 24233313
% color : Ord.factor w/ 7 levels "D"¢"E"C"F™¢"67¢..: 2226776525 ...
$ clarity: Ord.factor w/ & levels “I1"<"SI27¢"SI17¢..: 2354267 345 ...
§ depth : num 61.5 59.8 56.9 62.4 63.3 62.8 62.3 61.9 65.1 59.4 ...
$ table : num 55 61 65 58 58 57 57 55 61 61 ...
$ price : int 326 326 327 334 335 336 336 337 337 338 ...
$x tnum 3,95 3.89 4.95 4.2 4,34 3.54 3.95 4,07 3.87 4 ...
Sy tnum 3,98 3.84 4,87 4.23 4.35 3.96 3.98 4.11 3.78 4.05 ...
$z tonus 2,43 2.31 2,31 2.63 2.7% 2.48 2.47 2.53 2.49 2.39 ...
W% -4 »

Figure 2-39. str(diamonds) output

60



CHAPTER 2 © SETUP AND INSTALLATION OF R TOOLS FOR VISUAL STUDIO

Briefly look at the returned data there; you can see that there is a lot of information but it appears to be
truncated. Have no fear; take a look at your Variable Explorer again. You see that there is a very slight change:
there is now an indicator next to diamonds, as opposed to just a table graphic. Click this indicator; you
should see what is shown in Figure 2-40.

Vanable Explorer * 3 x
& 8| Jx Search P~
/2 GlobalEnv -
Name Value Class Type

B 5940t of 0 araies @ ]t o, k|

[; carat num [1:53940] 0230210230 O, [ numeric double

b cut Ord factor w/ 5 levels “Fair"<"Good"< ordered, fac integer

b color Ord.factor w/ 7 levels "D"<"E"<"F"<"( ordered, fac integer

v clarity Ord.factor w/ 8 levels 11" <"512"<"SI1" ordered, fac integer

[} depth num [1:53940] 61.559.856.96 Q @ numeric double

[ table num [1:53940] 5561655858 Q @ numeric double

b price int [1:53940) 326 3263273343 Q [ integer integer

Pi= x num [1:53940] 3.953.894.054 O, @ numeric  double

b=y num [1:33940) 3.983.844.074 Q @ numeric  double

b z num [1:53940] 2432312312 Q @ numeric  double

Figure 2-40. diamonds detail information

This is much easier for me to read and decipher. Across the top, just above the blue bar shown in
Figure 2-40, the columns are defined as Name, Value, Class, and Type. Go ahead and browse around in there
for a minute and get familiar with how it looks. This is a very cool feature that allows the introspection of
data before it is really analyzed.

Go to line 118 next. This line says head (diamonds), which simply instructs R to output the first six rows
of data in the dataset. Conversely, line 121 says tail (diamonds), which, as you’ve probably guessed, outputs
the last six rows of data in the dataset. The results of these two executions are shown in Figure 2-41.

R interactive 3 x
OE+ + |08 DY ¥ | D AtachDebugger |5 L - -la3
head{diamonds) -
carat cut color clarity depth table price ® ¥ z
1 0.23 Ideal E SI2 61.5 55 326 3.95 3.98 2.43
2 8.21 Premium E SI1 59.8 61 326 3.89 3.84 2.31
3 ey Good E Vsl 56.9 65 327 4.05 4.07 2.3
4 2.29 Presivm I V52 62.4 58 334 4.20 4.23 2.63
5 0.31 Good b 5I2 63.3 58 335 4.34 4.35 2.75
6 8.24 Very Good 3 Ws2 62.8 57 336 3.94 3.96 2.48
tail({dismonds)
carat cut celor clarity depth toble price  x ¥ z
53935 9.72 Premium o 1 62.7 59 2757 5.69 5.73 3.58
53936 .72 Ideal ] SI1 68.8 §7 2757 5.75 5.76 3.50
53937 @.72 Good o SI1 63.1 S5 2757 5.69 5.75 3.6l
53938 @.70 Very Good o SI1 62.8 60 2757 5.66 5.68 3.56
53939 9.86 Premium H 512 61.@ 58 2757 6.15 6.12 3.74
53940 9.75 Ideal o 512 62.2 55 2757 5.83 5.87 3.64
| -
W0% =4 »

Figure 2-41. head() and tail() demonstrated

61



CHAPTER 2 © SETUP AND INSTALLATION OF R TOOLS FOR VISUAL STUDIO

Line 127 is next, which says dim(diamonds). The dim() function allows us to see the dimension of the
object passed as an argument, which would be diamonds in this case. Executing this line simply shows what
we have already gathered by examining the Variable Explorer earlier: there is one dataset returned with
53940 objects of 10 variables.

Next, we move on to plotting in R. There are three main packages used for charting in R: base, lattice,
and ggplot2. This is also referenced on line 136.

Lines 133 and 134 say the following:diamondSample <- diamonds[sample(nrow(diamonds), 5000), ]
dim(diamondSample)
Let’s break the syntax of this apart before anything else.
e diamondSample: Declares an object for storage of the results of the command.

e  <-:Anassignment operator that declares that the result of the command(s) on the
right are to be assigned to the object on the left.

e diamonds: References the diamonds dataset.

¢ [sample(nrow(diamonds), 5000),]: draw a random sample of 5000 data points from
the diamonds dataset

¢ dim(diamondSample): show the dimension of the diamondSample object

As expected, the result of the dim(diamondSample) command was the output [1] 5000 10, which
means that one dataset and 5000 objects in 10 variables were returned.

Next, we go to line 140, which reads: theme_set(theme_gray(base _size = 18)). This means that we
set the font size to 18pt and use the gray theme. Go ahead and highlight and execute that line, then skip
down to lines 143 and 144. Those lines show the following code:

ggplot(diamondSample, aes(x = carat, y = price)) +
geom point(colour = "blue")

First off, note that this is on two different lines, but it is actually one long command. The presence of the
plus sign indicates a line continuation character, outside of usage inside a function or argument.
Let’s take a look at the syntax of this command before we move on.

e ggplot: Defines the function to be executed.
e diamondSample: References the diamondSample object as the active dataset.

e aes: Defines the aesthetic qualities of the chart; in this example, the x axis is the
carat set and the y axis is the price set.

e geom_point: Customizes the points once they are charted.

So this means that we will generate a chart. Highlight these two rows and press Ctrl+Enter to execute
them. Figure 2-42 shows the result of this action.
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carat

Figure 2-42. Our first chart!

Notice that the R Plot window came into focus here? That’s pretty handy. Notice also that the x axis is
carat and the y axis is price, as we defined in the aes () command.

Go down to lines 147 through 149 next. You'll see there is a very slight addition of scale x_log10().
This gives us a nice little logarithmic scale on the x axis (which is also stated in line 146) so go ahead and
highlight and execute lines 146 through 149 now. Figure 2-43 shows what you should see now.

(o™
- o &0 BY

price

Jrll:ﬁ’i‘ﬁ =

carat

o eeinnntinn g

Figure 2-43. Logarithmic scale addition

That’s starting to make a bit more sense now. Next, another line is added to let us add another
logarithmic scale on the y axis. This is on lines 152 through 155; so highlight these lines and press Ctrl+Enter
to execute them. Figure 2-44 shows what you should see now.
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price

carat

Figure 2-44. Logarithmic scale on x and y axes

The chart is even better now, I think.

Next, we look at linear regression in R within the confines of the loaded dataset. Linear regression
is basically the way that statisticians define the relationship between a scalar variable and one or many
explanatory variables. Simple linear regression is when there is only one explanatory variable, which is
essentially what we will be dealing with in this example.

In R, we must first build a model of the data before we can access that model. To do that, take a look at
line 163, which says model <- 1m(log(price) ~ log(carat) , data = diamondSample).Again, let’s look
at the syntax of this before we move on.

¢ model: Defines the object that inherits what is defined in the command.

e  <-:Anassignment operator that declares that the result of the command(s) on the
right are to be assigned to the object on the left.

e Im: Defines a linear model.
e log(price): A logarithmic scale of the price data (also the scalar variable).

e  ~:Separates the scalar variable and the explanatory variable(s). Scalar variables are
shown to the left of this symbol and explanatory variables are shown to the right.

¢ log(carat): A logarithmic scale of the carat data (also the explanatory variable).

e ,data = diamondSample: Defines the data object to be used (diamondSample, in
this case).

Highlight line 163 and execute it. Notice that there is no discernible action taken in the IDE; so let’s
check the Variable Explorer again. There is now another data object in there referenced as model. Figure 2-45
shows what you should be looking at now.
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Variable Explorer
@@ I Search

7@ .GlobalEnv

Name Value Class Type

5000 of Dvoraies & ot o it |

v BF diamondSample 5000 obs. of 10 variables

Q [ tbl_df tbl, d list

v model

List of 12

afm

list

* 3 x

Variable Explorer

Figure 2-45. model dataset

Line 166 simply says summary (model). Go ahead and execute that line. A lot of information is shown in

the R Interactive window now. Take a look at Figure 2-46.

1-Getting Started with RR = X

log of price explai
we fit a model that include

lustrates how linear regression works.

model <- l={log(price) ~ log(carat) , data = diamondSample)

# Look at the results.

summary(model
1 k R-squared = @.9334, i.e. model explains 93.3% of variance -
0% -
OE+ ¢ | DU D x| L AtschDebugger | ¥ L - -l
susmary(scdel) a
Call:

La(formula = log(price) ~ log(carat), data = diamondSample)

Residuals:
Min 1 Median 3q Max
=1.23362 -0.17217 -0.00355 ©.17259 1.14454

Coefficients:
Estimate Std. Error t value Pr{x|t|)
(Intercept) B.453407 0.004448 1900.6 <2e-16 ***

log{carst) 1.673569

9.006321

264.8

<2e-16 ***

Signif. codes: @ "***' @.0@1 "**' 9.81 "*" @.95 7

el '

Residual standard error: 8.2613 on 4998 degrees of freedom

Hultiple R-squared:

8.9334,

Adjusted R-squared:

@.9334

F-statistic: 7.01e+84 on 1 and 4998 OF,

p-value: < 2.2e-16

100% = 4

Figure 2-46. summary(model) information

Take a look at what is returned by this action. You have a lot of really useful information returned about the
model here, so understand that this is a great place to get meaningful statistical information about a model.
Head on down to lines 170 through 172, which show the following code:

coef(model)
coef(model)[1]
exp(coef(model)[1])
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Line 169 says that we extract the model coefficients. So let’s highlight those lines and execute them now.
Figure 2-47 shows what you should see in your R Interactive window now.

> coef(model)
+ coef(model)[1]
+ exp(coef(model)[1])
(Intercept) log(carat)
8.453487 1.673569
(Intercept)
8.453407
(Intercept)
4691.029

Figure 2-47. model coefficients

Now that we’ve got that, let’s take a look at the next bit of code on lines 175 through 179. This code is
defined as follows:

ggplot(diamondSample, aes(x = carat, y = price)) +
geom point(colour = "blue") +
geom_smooth(method = "Im", colour = "red", size = 2) +
scale x_log10() +
scale y log10()

We've already stepped through the syntax of this command, but I see that there is a line that says
geom_smooth(method = "Im", colour = "red", size = 2) +thatwe didn’t define before. The addition of
this line of code adds a thin red trend line to the chart. Highlight these lines and execute them now.

Figure 2-48 shows what you should see as a result.

- 0F&FF DD

price

carat

Figure 2-48. Charted result
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That is one meaningful chart! The charts are getting progressively better and more interesting, as you can see.

Skip down to line 202 now. This line says model <- 1m(log(price) ~ log(carat) + ., data =
diamondSample) and it is closely related to the model we built before, but this time, we declared log(price)
~ log(carat) + ., which means that we want to model the log of the price column against all the other
columns in the dataset. In other words, this is true linear regression and not simple linear regression.

Highlight line 202 and execute it. Notice that Variable Explorer now shows List of 13 where it once
showed List of 12; this means that we have added the model to the list and it is now available in the dataset.
You can always double-click model to view the data contained within, if you would like.

Variable Explorer » 0 x

63 lm 55‘ Search p-
/@ .GlobalEnv S

MName Value Class Type

[ dmenis 500 o 10w @, )k o s

v 7 diamondSample 5000 obs. of 10 variables C, £ tbl_df, thl, d list
b model Listof 13 Q@ m list

Figure 2-49. model value increased

Line 204 shows the summary of the model; so highlight this line and execute it. Figure 2-50 shows the
result of this action.
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Call:
lm(formula = log(price) ~ log(carat) + ., data = diamondSample)

Residuals:
Min 1Q Median 3Q Max
-9.59584 -0.08640 ©.00063 0©.03060 1.32134

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 7.86735@ ©.224753 35.004 < 2e-16 ***
log(carat) 1.737683 ©.926715 65.846 < 2e-16 ***

carat -9.06795¢ ©.019644 -3.459 0.000547 ***
cut.L ©.115715 ©.ee8827 13.1€9 < 2e-16 ***
cut.Q -9.034995 ©.007016 -4.988 6.32e-07 ***
cut.C ©.01109¢ ©.006078 1.824 0.068141 .
cut”4 -8.805822 ©.004834 -1.205 0.228412
color.L -8.437917 ©.006594 -66.409 < 2e-16 ***
color.Q -0.104306 ©.006029 -17.300 < 2e-16 ***
color.C -9.008947 ©.005581 -1.6@3 ©.108988
color™4 ©.0€9815 ©.ee5115 1.919 @.es55e41 .
color#s -0.003020 ©.004867 -0.620 ©.534972
color”é -0.802552 ©.0e4471 -0.571 ©.568176

clarity.L ©.886421 ©.011428 77.564 < 2e-16 ***
clarity.Q -©.250352 ©.010607 -23.602 < 2e-16 ***
clarity.C ©.121507 ©.ee9075 13.39@ < 2e-16 ***
clarity®4 -0.875253 ©.087287 -10.327 < 2e-16 ***

clarity”s ©.025475 ©.€05997 4.248 2.19e-85 ***
clarity”6 -9.011436 ©.605232 -2.186 ©.028883 *

clarity”~7 ©.030808 ©.004602 6.694 2.4@e-11 ***

depth ©.001640 ©.002087 ©.786 ©.431986

table -0.001954 ©9.ee1148 -1.7@3 ©.088674 .

X ©.093449 0.020742 4.505 6.78e-06 ***

y -9.803096 ©.002834 -1.092 0.274785

z ©.022161 ©.017820 1.244 ©.213690

Signif. codes: @ “***' @.@01 "**' @.01 "*' @.05 "." 0.1 ° ' 1

Residual standard error: ©.1314 on 4975 degrees of freedom
Multiple R-squared: ©.9833, Adjusted R-squared: ©.9832
F-statistic: 1.217e+84 on 24 and 4975 DF, p-value: < 2.2e-16

Figure 2-50. summary(model) information

This is significant (bad pun) because the R-squared value is 98%, so that means that 98% of the data fits
closely to the regression. Not bad!

Lines 211 through 214 show that we are going to now create a data frame, which is how R structures data
within its models. These lines are defined as follows:

predicted_values <- data.frame(
actual = diamonds$price,
predicted = exp(predict(model, diamonds))

)
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So, again, let’s step through this to get a feel for what the syntax is doing here.
e predicted_values: The object that holds the result of the command.
e data.frame: The way that R handles structured data, similar to a table.

e actual = diamonds$price: Sets a column variable named actual equal to the value
represented by the price values in the diamonds dataset.

e predicted = exp(predict(model, diamonds)): Sets a column variable named
predicted equal to the exponential value of the predicted values in the model linear
model in the diamonds dataset.

Execute lines 211 through 214. You'll see that nothing happens again, which is expected. Look at your
Variable Explorer again; you'll see that there is now another dataset available called predicted values,
which we just added. Figure 2-51 shows what you should now see.

Variable Explorer * 3 x
Q8| K p-
ﬁ GlobalEnv -
Name Value Class Type

v 0T diamonds 53940 obs. of 10variables  C [] tbl_df, tbl, d list

© 57 diamondSample 5000 obs. of 10 variables Q, [ tbi_df, thl, d hist

b= model List of 13 Q

A m list
| predicted values [53940 0bs.of 2variables @ () [dataframe [ist |

Variable Explorer

Figure 2-51. predicted_values dataset

Line 217 is next, which says head (predicted values). We saw this before, so recall that the head()
command allows us to see the first six rows of data. Execute this. You should see what is shown in Figure 2-52.

> head(predicted_values)
+
actual predicted

326 284.2928

326 272.5036

327 375.3411

334 418.4202

335 288.7658

336 303.4273

oWV b wWwN e

Figure 2-52. head(predicted_values)
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Next is the big show. Lines 220 through 224 contain the ggplot command that charts all this out for us.
So far, we've laid out the data.frame object with the actual and predicted columns. Now we see what that
data looks like visualized. The R code for this command is defined as follows:

ggplot(predicted values, aes(x = actual, y = predicted)) +
geom point(colour = "blue", alpha = 0.01) +
geom_smooth(colour = "red") +
coord equal(ylim = c(0, 20000)) +
ggtitle("Linear model of diamonds data")

I'm pretty sure that we can read that and decipher what the syntax says, but basically, we are running
the ggplot command against the predicted_values dataset. We use the aesthetic value for the x axis to
be the actual data and the y axis to be the predicted data. The data points are blue with a varying alpha
(transparency), depending on the data value, with a red trend line, a y-limit of 20000 (which forces scale),
and a title.

Figure 2-53 shows what you should see after you execute lines 220 through 224.

Linear model of diamonds data

20000-

15000 -
—
8

% 10000-
o
o

5000 -

0 =

0 5000 10000 15000
actual

Figure 2-53. ggplot of predicted_values

Really, really useful chart there, don’t you think? If you got this far with no problems, excellent work!
You've actually learned quite a bit about the basics of R syntax now and you have seen real-world application
of the most commonly used R plotting package, ggplot2.
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Summary

Let’s review what we’ve done in this chapter.

Read the documentation for RTVS at http://microsoft.github.io/RTVS-docs
Went through the samples at http://microsoft.github.io/RTVS-docs/samples.html

Reviewed the R documentation at https://cran.r-project.org/doc/manuals/x-
release/R-intro.html

Reviewed the task views at https://cran.r-project.org/web/views/

Reviewed how data import/export works in R at https://cran.r-project.org/doc/
manuals/r-release/R-data.html

Learned about R extensions at https://cran.r-project.org/doc/manuals/r-
release/R-exts.html

Do I expect you to be an expert in R right now? No. Do I expect you to pore over the preceding URLs in
great detail? No. What I do expect is a minimum of the following:

Visual Studio is installed correctly.
R Tools for Visual Studio is installed correctly.
SQL Server 2016 is installed correctly and is communicating with the R engine.

You have at least briefly gone over the documentation listed earlier in order to get
familiar with R syntax.

The installation of these tools may be different with subsequent service packs. Either way, there should
be a clear path to get to the solutions I just outlined though. At a minimum, these four things listed should
be met before you move forward with this. If any of them aren’t functioning 100%, go back and work out
the issue. For example, the script I gave earlier in Chapter 1 showed that SQL Server was working with the R
engine. Figure 2-29 showed that Visual Studio is configured for R as well. Therefore, we should all be on the
same page at this point.

In the next chapter, we go over our project scenario definition. That’s where we clearly define what we
want the project to accomplish and the steps we’re going to take to get there. After that, we begin to develop
our solution and implement it using SQL Server 2016 and R Tools for Visual Studio.
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CHAPTER 3

Project Scenario Definition

Before we get started with this chapter, I want to take a second and explain that this chapter deals with the
program management side of development, and not the actual development side. Sometimes, dealing
with the management side can be perhaps the most frustrating part of your job, but it is still necessary. For
those that don’t have a lot of experience in this area, I included this chapter. Hopefully, it will help you to
understand how essential it is to have a plan moving forward in your next project.

The first thing that we want to do is make sure that everything is working together as it should be. Recall
from Chapter 1 that R is set up correctly from SQL Server’s point of view. Chapter 2 shows us that RTVS is
also set up correctly. That means that the software portion of what we’re doing is good to go. What's left?

This chapter focuses more on the management side of a program, as opposed to the development side.
The reason for this is to prepare you for the eventuality that you will one day have to manage a program,
if you haven'’t already. While this is in no way meant to be everything you need to know about technical
program management, it does give you a pretty good primer into the world of managing expectations from
a technical point of view. I've found that the best managers are those that can put on different hats as the
situation demands; they can be either technical or managerial, as the situation demands.

Whenever you start a new project, it is always best to have a good idea about what you want to do and
how to get where you want to go. Just as with starting a road trip, you have to be sure that you have a map
and directions for how to get to your destination; otherwise, you will just drive around in circles and never
really get anywhere. This is exactly the analogy to describe a poorly managed project; lots of hours are
expended, lots of money is spent, but the project is never really finished. This is the hallmark for a poorly
managed program. In my professional life, I've seen a lot of projects fail because of improper or incomplete
planning, and I can tell you that it’s very easy to fall victim to the biggest obstacle facing new development,
and that is the element of scope creep.

Scope Creep

What exactly is scope creep? It’s when the requirements of the project are not firmly adhered to. Plain and
simple. There really is no point in going through all the time, trouble, energy, and effort of defining project
requirements if they aren’t going to be followed. In this case, it would be easier if development started, and
then ad hoc requests came from the customer as to the intended development for that day or week. The flip
side of this is to have a firm set of requirements that are agreed on by the customer and followed religiously
by the development team. Hence, no misinterpretation from anyone, because everything is very clearly laid
out and agreed upon from the beginning. We get into this a bit later in this chapter.

My favorite example of scope creep is to describe it using a rock. Pretend that you are on one side of a
fence and your customer is on the other. Your customer shouts over the fence that they would like a painted
rock. You respond that you are very good at painting rocks and that you will get it to them ASAP. So, you look
around and find a decently sized rock, and then find your most popular color of paint. You are very good at
this after all, so you're assuming what your customer wants. The finished rock looks fantastic, so you throw
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it over the fence to your customer. They immediately throw it back, because it is not the right color. When
was the color defined? Well, it wasn’t. You assumed that your color was what the customer wanted; but turns
out, it wasn’t right at all. So instead of learning your lesson, you decide to paint the rock a different color

and then toss it back over the fence. The customer immediately tosses it back, because it is again the wrong
color. Now you're getting frustrated because you know this is the correct color—it has to be! Finally, you ask
the customer what color they would like; they answer “blue.” Not a problem, because you've got blue. So,
you paint the rock blue and then toss it over the fence. Guess what. They throw it right back over, saying it
isn’t the right shade of blue. This goes on and on until you finally get the right shade of blue. But they throw
the rock back over again! Why? This time, they're complaining that the shape of the rock isn’t correct, and
actually, the rock is also the wrong kind of rock all together.

So the project started out as an assumption from “paint this rock,” and then into “use this particular
shade of paint for this particular shape of rock on this particular kind of rock” See that? It’s very frustrating,
I can tell you. Unfortunately, a lot of projects are managed exactly like this. And if you're one of the
unfortunate souls on the development side and not the managerial side, you get the most amount of grief
because you constantly deliver things that may make perfect sense technically, but zero sense aesthetically
to the customer. It becomes particularly painful when it becomes obvious that the development team is the
last in the line of those taking orders to fulfill customer requirements, so ultimately, the on-time and under-
budget status of a project is the responsibility of the development team. For this reason, it is important to
stick to the agreed upon requirements and to not deviate.

I've found that the best way to manage any large task is to break it into smaller, more manageable tasks.
This is commonly known as modularization, and is a fantastic way to handle just about anything. Splitting a
task into phases is what makes sense to me in this aspect, so let’s concentrate on that for a minute.

Project Definition Phases

Instead of going through all the trouble of scope creep, it’s best to have a very structured idea of what

is expected, when it is expected, and how it is expected. There are clearly defined phases for project
development, which I discuss shortly. Trust me; it would serve you very well to adopt these phases, or
something very similar, in your next project, if you aren’t already using something to manage the project. The
need for very specific goal posts is very important, no matter the size of your project. Please understand that
this is in no way the only way to handle project management. I'm sure that there will be disagreements about
the methodology and the necessary steps involved. But what I really want you to take from this if you've never
had to deal with this before, is that a management plan is an absolute necessity when planning a project.

Phase I: Requirements Gathering

This phase consists of both software and hardware definitions. This is perhaps the most important phase
in the entire process, because if this is wrong or incomplete, it affects all phases after it. For that reason, we
need to be absolutely sure that our definitions are complete and agreed upon by all parties and stakeholders.
This phase requires a set of documentation to be created by the development team, delivered by the
development team to the customer, and signed and dated by the customer. At this point, the documentation
set is then considered to be the official scope of the project.

What needs to take place in this requirements gathering phase? The following is a list of what needs
to occur.

e Development team needs to produce a software requirements document.
e Aproblem orissue needs to be clearly defined.

e  Getasmuch detail as possible from the customer, including how this
problem affects their day-to-day work or how much more expedient they
could work with the addition of a certain feature.
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e  Asolution to the stated problem needs to be broadly defined.

e  This means that it is not answered in the minutia just yet. Offer many
different solutions, if possible, so the customer is aware of their varying
choices.

e The software language and technology needs to be determined.

e  Details are provided on the languages and technologies used to develop the
interface or application.

e  The medium needs to be determined.

¢  The medium in which it will be delivered; usually, either web-based or on
the desktop.

e  Astructured software design document needs to be produced by the development team.

e  This document provides details on the interface presented to the customer. It
needs to be pointed out to the customer that this interface will more than likely
change slightly over time, depending on current web or desktop trends and
options available in the language you're working in. The large majority of this
document will consist of mock screen shots and report scenarios.

e Astructured database requirements document needs to be produced by the
development team.

e  This document provides details about the database tables and scripts that
will be created to present the interface, and ultimately, the entire solution
to the customer. Notice that this document encompasses the design and the
requirements of the database. The reason for this is because the customer,
for the most part, is not bothered with the mundane details of the database
such as data type or length of the field. While this can certainly be presented
to the customer in a different document, it is probably best to keep this
information at more of an arm’s length away, so as not to overload the customer
with meaningless information (from their point of view). What is the overall
purpose of this document? Much more important than you may realize at first.
This document can be used to provide a mapping of the database for future
interaction with different, remote databases, for example. For this reason, it is
imperative that this be the last document created, in case something changes in
the database and the documentation does not reflect this change.

This list represents what I consider the minimum amount of documentation to deliver as part of a
formal request. There could be more, but this is a good start.

Once this phase is complete and a documentation set has been produced, a formal acceptance and
signature is required. It needs to be clearly related to the customer that there are no changes of any kind after
the documents are signed and development begins. If there is a change that needs to be made, you have a
choice to make. You can either begin a spiral development process, or implement a software change request
system. I highly recommend a software change request system. What are the differences?

Spiral Development Process

Spiral development is a particularly heinous form of development that occurs when scope creep is actually
allowed and encouraged on a project. The horrors! Can you see the implications of allowing too much
scope creep? That’s correct; the project is never truly done. The project constantly stays in the definition and
development phases, and never progresses to completion.
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For those of us who get paid by the project, it is entirely unacceptable to encourage scope creep. Think
about it like this: if you estimate a project will take 10 hours and you charge $500 for the project, you're
making $50 an hour. There is no guarantee that you will be done in 10 hours, though. Let’s say it takes you
20 hours; you're now at $25 an hour. Even worse, it takes you 100 hours. Wow! You're making $5 an hour.

Obviously, this is not how you want to work. Instead, you should just deliver what was agreed upon,
and any changes are considered “over and above” what was estimated and paid for, and subject to a new
agreement. I can tell you from experience that it keeps everyone happy when there is a very clear definition
of what is expected to be done.

Another danger in the spiral development process is like I said: the project is never truly done. It just
continues on and on because the customer is getting more than what they paid for, and the developer is
oftentimes too timid to bring up that something is, in fact, outside the agreed-upon scope of the project.
Does this work for you? Would you like a reputation as someone who takes the time to go through all the
motions of correct management techniques, and then cave to the customers’ unsubstantiated request
for change in the middle of a project? I don’t think you would. I think we all would like the reputation of
the competent developer that has the integrity to call the customer out on possible or overt deviations or
expectation of deviation from the contract. In this case, there needs to be a clearly defined remediation
clause in a contract that deals specifically with the steps necessary to enforce the rigidity of the original
contract and the scope therein.

Software Change Request Process

Formal change requests are what I recommend when making changes to a project and its scope. The reason
is very simple: the project stays structured! The initial project is completed and is labeled as v1.0, right?

Any change you make after this would be v1.1 for a small change, or maybe 2.0 for a major change.

The software change request process has different steps that need to be followed in a workflow to facilitate a
complete change request. It isn’t a customer sending an e-mail; it is a full process that has sign-offs at each
step of the workflow.

Request Submission

In this step, any user can request a change to the software. Requests need to be complete and organized
though, and not just vague statements like “I would like a rock painted blue.” Request submission is
generally a fairly complex step, with the user being forced to provide a large amount of information
pertaining to the request. Be sure to gather not just the customer information, but the specific task needing
to be done.

Administrator Approval

The administrator then receives a notification that a change has been requested. At this point, the admin can
either accept or reject the change. There is also the case that the administrator could contact the requestor
for more information, then reject the request so that the originator can expound on the original request. This
is very common, since nine times out of ten, regular users don’t understand the complexity requirements
needed to properly fulfill their request.

Design

Once you have an accepted request, the first step is to design the solution. Sometimes, literally drawing out the
solution is best. It gives you a good idea of what to expect for layout and the space necessary to fulfill the solution.
The customer expects to see something like screen mockups in Photoshop or something similar, more than likely
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in a PDE This isn’t always a requirement, but if the user wants to be kept aware of the progress of the request, then
itis a good idea. Either way, whether the customer is involved or not, it’s always worth taking a few minutes to
sketch out a quick picture and perhaps a short pseudo code example of what is going on.

Code

Next is the fun part: writing the code. This could be in whatever language is necessary to get the job done,
and whatever is used to deliver solutions in your application. In some cases, you have multiple languages. In
web development, this is very common. I often use a pretty steady mixture of HTML, ColdFusion, CSS, and
jQuery in my day-to-day application building. Some days are heavier in certain languages than others, but
that’s just about the gist of what I do. This is the second-longest activity in the process though; the longest is
... the documentation.

Document

Easily the most overlooked part of development is the documentation of the changes made. Make sure that
this step is followed religiously! This is different from the inline documentation that all good developers

do regularly. Those are fantastic too, don’t get me wrong. This documentation, specifically, is for the user.
It consists of two documents, but they really only see one of them. One of the documents needs to define
the request and the steps taken to implement the request. The reason for this is so that the change can be
essentially rewound, if necessary. The second document is the test script for the user to test the change.
This needs to be fairly simple and straightforward; something along the lines of “Click the OK button.”

It needs to be spelled out exactly what is expected to happen when an action occurs, and what the failure
condition is as well.

Unit Test

This means testing the solution by itself, in a modular setting. Does it do what is required by itself, or is
interaction with another unit or module necessary? It should be as tightly contained as possible, in other
words. If it requires other things to run, you maybe want to reconsider this particular technique. Is it possible
that it can be rewritten to be cleaner and more modular using native code? These are questions that must be
answered objectively in this phase.

Regression Test

This is where you test the solution as part of an over-arching solution that encompasses the entire
application. In other words, how does this solution work with the current application? Does it “mesh” or is it
inconsistent and in need of further work? Most times, it seamlessly integrates, but other times—not so much.
For this reason, it is best to look at the change as part of the application as a whole, instead of as the modular
way in the unit test. Consider the success and failure paths of the change (if there are separate paths). Do
they make sense, considering the paths of the rest of the system? How well does it do what it is billed to do?

Acceptance Test

This is after the solution has passed all the other tests and documentation is complete. This is the only step
that the requesting user should see. Everything else should be a black box to that user, lest you fall into the
spiral development trap. Don’t do it! This step is very simply a single line stating that the customer agrees
to the change and it was delivered as expected. A signature and the current date is all that is needed to
complete this step.
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Installation

After the solution has been accepted by the customer, it needs to be installed. This is sort of obvious, but still
a necessary part of the process. This needs to be documented as well, although much more leniently. Make
sure you take a backup of the database immediately before the installation. I recommend a server image if
you're running a virtual instance, or a system image with backup if you're on a regular server. The reason
for this should be clear; to recover quickly in case everything goes pear-shaped. Once everything loads
correctly, delete any backups to retain space on your system.

Archiving

Finally, after installation, the solution needs to be archived. This entails two things: first, the solution should
be zipped with all documentation and added to a source repository of some kind. I'll leave it to you to decide
which to use. Second, the physical record of the request on the web site or bulletin board should be removed
and added to an archived or completed section for later review, if necessary.

Please note that the preceding workflow is not all encompassing, but rather is intended to get you
started with understanding exactly what a software change request workflow looks like.

So now you understand what scope creep and spiral development mean and how they are both
detrimental to a project. You also understand the software change process and how it is beneficial to just
about any system. What's next? Let’s continue to define the separate phases of the project definition, and
then discuss some more factors contributing to the success and sometimes to the failure of the project.

Phase II: Initial Interface Design

This phase allows the developer to create an initial user interface, if applicable. Sometimes, projects don’t
have an interface, because they happen “under the covers.” If that’s the case with your project, just skip to
the next phase. If that’s not the case, and you have to create an interface, then this is the place for you.

Initial interface design is fairly self-explanatory: you want to create an initial interface based on the
requirements documents and by using any other information gathered from the customer. Note that this
does not involve going back to the customer for ideas or suggestions. Basically, they had their chance to
suggest implementation changes before, and it is simply too late to implement them now, without falling
into the dreaded spiral development cycle. Remember how you got the customer to sign off on the scope of
the project? Just like they aren’t allowed to come to you, you technically shouldn’t go back to them. If you
discover an authentic issue with the way that the interface needs to be implemented, or an issue that is
preventing you from completing the job, then you obviously want to interact with the customer. The point
to this is “training the customer” to understand that you work strictly from the requirements document
and nothing more. That way, when you deliver what was requested, you know that it is technically and
functionally 100% correct, according to the requirements document.

We have already gathered our requirements, which I lay out in the example download for this book.
The download contains our requirements documents and initial dataset. Make sure that you have these
following two documents, or you will have a really hard time following along; they are available from this
book’s catalog page on the publisher’s web site:

e Software Requirements Document.docx
e lWeather Sample.csv

For reference, the Weather_Sample.csv file is the same document provided in the download available
from Microsoft that we downloaded earlier. We use the same example in this book by permission.
With that in mind, let’s take a look at the reports that we have agreed to provide and plan out a solution.
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Loading the R Solution

Recall that back in Chapter 2, we downloaded a .zip file from https://microsoft.github.io/RTVS-docs/
samples.html. It contains everything that we need for what we will ultimately build. Extract that . zip file
somewhere easy for you to access, because we're going to load the solution in it now.

Start Visual Studio and go to File & Open & Project/Solution.... Navigate to where you saved and
unzipped the .zip file. Follow the folders down to RTVS-docs-master/examples/Examples.sln. Select it and
click Open, as shown in Figure 3-1.

= Open Project X

“— v « RTVS-docs-master » examples v 0 Search examples 2
Organize ~ New folder E- ™ @
# Quick access Moy Type
i § Afirst look at R File folder
€3 Microsoft Visual ; . ;
MRS5_and_Machine_Learning File folder
42 dropbox-p 1 O Examg RPROIJ File
i 28 ] Bxamples [23/2016 8:32PM  Microsoft Visual 5...
82 SharedforsQL
£ OneDrive
@ This PC
I Desktop
% Documents
& Downloads
B Music v € >
Options: () Add to Solution
(®) Close Solution
File name: | Examples ~| | All Project Files (*.sln;".dsw;"ve

Figure 3-1. Open Project
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It takes a second to open the project, and then loads the solution file into Visual Studio.
Notice in your Solution Explorer window (if it's not up, press Ctrl+Alt+L to make it appear) that there is
a set of files, as shown in Figure 3-2.

B g Mo vt ke ¥ Fasox

Figure 3-2. Solution Explorer files

Double-click the bottom README file; the one not inside either of the folders. Figure 3-3 should be
what you see at this point.

Figure 3-3. README file

Does that look familiar? We saw this in Chapter 2, Figure 2-30, before we started stepping through the R
examples. Note that there are also more README files inside of the directories for even more guidance from
the R gurus at Microsoft.

Expand the A first look at R folder in Solution Explorer and then click the Getting Started_with_R.R
file in the right pane. You should see something similar to what is shown in Figure 3-4.
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Figure 3-4. Getting Started with R initial screen

Just to be clear, the top-left pane is the opened file and the bottom-left pane is the R Interactive window
(basically, the results of the R operations). At the top right corner of the screen are the Solution Explorer
and Variable Explorer panes, and at the bottom right are the R Plot, R Help, and R History panes. You can
rearrange your windows however you like so that it is comfortable for you, as long as you have them readily
available in case you need them later.

I want to go over a couple of things before we end this chapter. First, let me pose two questions for you.
Which version of R is running in the database? Which version of R is running in Visual Studio? I had to stop
and think about this for a while, and I finally reached the conclusion that I could not tell from SQL Server
what version of R is installed. I could easily tell what version of R was running from Visual Studio though,
because it was prominently displayed in the R startup messages from within RTVS, as shown in Figure 3-5.

R version 3.3.1 (2016-06-21) J-- “"Bug in Your Hair"
i 201 ndation for Statistical Computing

Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()’ for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
‘citation()’ on how to cite R or R packages in publications.

Type 'demo()' for some demos, "help()' for on-line help, or
‘help.start()' for an HTML browser interface to help.
Type "q()’ to quit R.

Figure 3-5. Rversionin RTVS

How interesting! What if I were running two different versions of R? Certainly that would cause
problems, particularly if I write code in RTVS and then want the same result from SSMS. Wouldn't this give
me different results? Logic says that it more than likely would. So, obviously, we want to mitigate this as
much as possible.
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Recall the stored procedure that we use to execute R in SQL Server? Here is that procedure once again:

exec sp_execute external script

@language =N'R",
@script=N'OutputDataSet<-InputDataSet',
@input_data_1 =N'select 1 as hello'

with result sets (([hello] int not null));

g0

Let’s rewrite this procedure to get the version of R that is executing this code. Our rewrite is a simple
little script that you may want to keep in your bag of tricks, just in case it is needed later on. You may want to
switch to Results to Text by pressing Ctrl+T while in the New Query Window. Here is the script:

exec sp_execute_external script
@language =N'R",
@script=N'OutputDataSet<-InputDataSet;
message (R.Version()$version.string);"
with result sets (([Version] varchar));

g0

I'm sure we're all familiar with generic scripting practices, so we can see that I am using R’'s message ()
function to return the version of R by invoking R.Version()$version.string.
The result of this operation is shown in Listing 3-1.

Listing 3-1. R Version in SQL Server 2016

Version

(0 row(s) affected)

STDERR message(s) from external script:
R version 3.2.2 (2015-08-14)

We have just verified that Visual Studio is running R version 3.3.1 and SQL Server is running R
version 3.2.2. The reason for this is because SQL Server R Services is the server version, and RTVS is the
client version. What we want to do is point RTVS to R version 3.2.2, that way we get the same results from
RTVS to SQL Server. To do this, open Visual Studio, navigate to the R Tools menu, and then click Options.
Figure 3-6 shows this menu location.
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RTools | Analyze Window Help
Session
Plots
Data
Working Directory

Windows
W¥  Install Micresoft R Client...
@ Change R to Microsoft R Client
Microsoft R Products...
RTVS Documentation and Samples 3
R Documentation 3
Feedback »
Check for Updates...
E  Survey/News...
{ @) Editor Options...
ﬁl Options...
@1 Data Science Settings...

Figure 3-6. Options menu

A screen opens, as shown in Figure 3-7.

Options 7 x
Sear » R Help Browser Automatic -
b Projects and Solutions | ~ S stony =T

b Source Control | Always save history True
b Tet Editor Reset search filter True
b Debugging Use multiline selection True
b Performance Tools ~ Markdown
b Database Tools Markdown preview browser External
b Graphics Diagnostics ~ R Engine
b MuGet Package Manager Code page (05 Default)
4 RTools R command line arguments
| Advanced R Engine (64-bit) C:\Program Files\Microsoft\MRO-3.3.1\
b SOL Server Tools ~  Shiny
b Text Templating Shiny pages browser Intemal
b Web Forms Designer v Workspace
b Web Pedformance Test Tools >
b Windows Forms Designer R Engine (64-bit)
b Workflow Designer Path to R installation (64-bit only).
b XAML Designer il
) [F

Figure 3-7. R Tools Advanced options

In the screen shown in Figure 3-7, the R Engine (64-bit) option is selected, and the value of this
selection is C: \Program Files\Microsoft\MRO-3.3.1\. This needs to be changed to C:\Program Files\
Microsoft SQL Server\MSSQL13.SQL2016RS\R_SERVICES, since that is the location where SQL Server is
referencing the in-database R library. Note that your folder location may be different from mine, so find
your R_SERVICES folder location and use that instead. Once you replace this folder location, click OK.

You are prompted to restart Visual Studio, so go ahead and close down Visual Studio and open it again.
Once it opens again, notice that the R Interactive window holds some pretty important information for us.
Listing 3-2 shows this information.
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Listing 3-2. Updated R Information

R version 3.2.2 (2015-08-14) -- "Fire Safety"
Copyright (C) 2015 The R Foundation for Statistical Computing
Platform: x86 64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
"citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

Microsoft R Server version 8.0 (64-bit):
Microsoft packages Copyright (C) 2016 Microsoft Corporation

Type 'readme()' for release notes.

This proves that we have now successfully synced our versions of SQL Server and Visual Studio. The
next step is to update the packages, which we can easily do via R Package Manager. Recall from Chapter 2
that we need to install two packages (and their dependents): ggplot2 and data.table.

Open the R Package Manager in Visual Studio by going to R Tools 4 Windows & Packages. Figure 3-8
shows the R Package Manager once opened.

§ Package Lansge
- st Pach
class
chaster " e

codetoots

L Jrri

Figure 3-8. R Package Manager
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In the top pane, click the Available line, to show what is seen in Figure 3-9.

& et e .

Figure 3-9. Available R packages

All we need to do is search for ggplot2; so type it in the Search box at the top of the window. The
ggplot2 package appears in the left pane. Figure 3-10 shows this result.

Figure 3-10. Finding ggplot2

Next, we just need to click the Install button in the ggplot2 pane on the right to install the package. The
installation is done in the background here, but you can always check the R Interactive window to see the
current status of the installation.
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Once the package has finished installing, you see what is shown in Figure 3-11.

B Pachage Managn -8 x

& ot s

Figure 3-11. ggplot2installed

Notice that there is no Install button any longer, and the left pane now shows a circle next to ggplot2.
This indicates that the package was installed normally.

Next, we need to repeat these same instructions for the data.table package. I will leave this as an
exercise for you, but you can replicate the instructions I just gave as a repeatable process to install any
package you wish.

Summary

Excellent work so far, if you have kept up and gotten everything going as expected. If you haven't, again,
please go back and re-run the installations so that you are seeing what I'm showing in the examples. If
you aren’t, I'm afraid that you really aren’t getting the full value of this book. It is going to get a lot more
complicated in the next chapters, so you want to be prepared for it. In your spare time, make sure that you
are brushing up on R scripting and functions, including the fantastic ggplot2 package. Big spoiler: We're
going to use it a lot later on.

Review time! Let’s quickly go over what we did in this chapter.

e Learned about scope creep and the project definition phases
e Learned the importance of a software change process in a completed application
e  Became familiar with the initial interface for R Tools for Visual Studio

Next, in Chapter 4, we actually start figuring out what we need and we put it together in a useable report.
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CHAPTER 4

Building R Models with RTVS -

We left off in Chapter 3 with loading up a solution in RTVS and then testing that we could work successfully
within the R environment. In this chapter, we actually build the models in R and then display the
information contained within that model in a series of charts. The charts become progressively more
advanced until we reach the final culmination of the data visualization.

We also cover most of the syntax for the code that generates the models. We do this by essentially
stepping line by line into a file provided by Microsoft in a . zip file that we download. This way, we can see
what is happening as it happens and hopefully reach a greater understand of not only what is happening,
but why it is happening.

Exploring Samples

Let’s go back to the Samples link in the RTVS Documentation and Samples menu item in R Tools for Visual
Studio (RTVS). Thatlinkis http://microsoft.github.io/RTVS-docs/samples.html. On that page, there is
a download of a . zip file containing examples that we will use to get familiar with the new R environment.
Unzip that . zip file to a location that you can access, navigate to RTVS-docs-master/examples, and double-
click README.MD. This opens the readme doc in RTVS. Figure 4-1 shows this document once opened.

1  #HH RTVS examples

3 Here are two sets of examples to get you started with R Tools
for Visual Studio.

**A First Look at R** shows you how to open and run an R script in
the interactive terminal.

**MRS and Machine Learning** shows you how to use R and Microsoft R Server
1@  to create machine learning models and handle large data sets.

12 The README files in each directory give more detail about each example.

Figure 4-1. Readme file
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We need to get a little bit familiar with R as a language before we attempt to get into any sort of
development activity, so let’s step through some of the examples given in A First Look at R. In the tutorial
featured later in this book, we will deal with the R Server aspect a lot more, since we will directly interface
with SQL Server R Services to create a report with embedded information.

There is an awful lot of information about R on the internet, so if you already know about it, then you
can consider this a refresher course. If not, no worries. I'm not going to get into the complete history of R and
I'm not going to make this a comprehensive guide to all of R’s functionality. Instead, I highlight the basics—
and we can go from there. I think that will be enough to whet the proverbial whistle and get our minds keen
on the practicality of using R for serious data analysis.

Navigate to RTVS-docs-master\examples\A first look at R and double-click the README.MD file
in that directory. Figure 4-2 shows what you should see at this point.

READMEmd + X

ls## A first look at R
These scripts let you take R for a test drive.

5  #### 1 Getting Started with R.R

5 The comments in this script give helpful information about R and how to use it.
To get the most out of it, set the cursor at the top of the script and press
CTRL-Enter to scroll through it line by line. This will let you see the output of
each command. Getting Started shows you some R fundamentals, like installing
packages, loading data, plotting it and fitting a model.

12 s 2 Introduction to ggplot2.R

1 ggplot2 is an R graphing package known for its visually appealing plots

14 and simple syntax.

15 Execute this script line by line by pressing CTRL-Enter to see several options
for visualizing earthquake data from Fiji.

Figure 4-2. A First Look at R README

That document tells us that we get to “take R for a test drive” by running R scripts provided by Microsoft
in the . zip file we downloaded earlier. Navigate back to the RTVS-docs-master\examples\A first look at
R directory and double-click 1-Getting Started_with_R.R. The script is then opened in RTVS, as shown in
Figure 4-3.
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1-Getting_Started_with_R.R + > I NINNT]

lt# Getting Started with R

[FTI S

### Some Brief History

-9

R followed S. The S language was conceived by John Chambers, Rick Becker,
Trevor Hastie, Allan Wilks and others at Bell Labs in the mid 197es.

S was made publically available in the early 1988°'s. R, which is modeled
closely on S, was developed by Robert Gentleman and Ross Ihaka in the early
199@"'s while they were both faculty members at the University of Auckland.
R was established as an open source project (www.r-project.org) in 1995.
Since 1997 the R project has been managed by the R Core Group.

When AT&T spun of Bell Labs in 1996, S was no longer freely available.
5-PLUS is a commercial implementation of the 5 language developed by the
Insightful corporation which is now sold by TIBCO software Inc.

[}
o
#OHOH O H B KRR

# The R Core Group: http://www.r-project.org/contributors.html
17 # Download R: http://cran.r-project.org/

Figure 4-3. Getting Started with R script

At this point, all that we are going to do is step into the R script and execute some portions in order
to get an idea of how R is laid out syntactically and how it might compare to other languages. We will go
pretty much line by line through the Getting Started with R script so we can really understand what this
introduction is getting across.

It is worthwhile to read through the first 75 lines of comments, as this sets up your basis as a new R user,
or refreshes your memory if you're a legacy R user. Either way, there is something for everyone here, so be
sure you read it thoroughly, particularly the R Resources and R Blogs sections. The Help section is always
good, so don't skip over that one either.

Line 76 is the first executable R script. That line is very simply installed.packages (). This simple line
lets us see what packages are already installed; so highlight line 76 and press Ctrl+Enter to execute it. Note
that your R Interactive window (which should still be up) starts loading up a lot of information, as shown in
Figure 4-4.
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and github
see https://cran . r-project org/

1-Getting_Started_with_R.R = > [I3NRIFOE) ”
- +
& ng and loading packages. -
# es data
# F https://cran.r-project.org/,
2

# List all available installed packages on your machine. —

in;ta lled.packages()

B List all "attached” or loaded packages.
search()

*s functions available,

oreign” package comes

with R and contains
t data from other sy ms .

100% ~

R Interactive

* 0 x
DE+¢ 08 8 ) Attach Debugger | i % - -l
RevoUtilsMath "3.2.2" i
RODBC "3.3.8%
rpart "3.3.1"
Runit 3.3:1"
spatial - - P by
splines =3.3.1"
stats "3.3.1"
stats4 "3.5.1"
survival "3.3.1"
tcltk "3.3.1"
tools "3.3.1"
translations "3.3.1"
utils "3.3.1"
100% =~ 4

Figure 4-4. R Interactive window

You can scroll up in the R Interactive window to see exactly what happened, but it’s strictly
informational, at this point. It can be useful to peruse this generated content to ensure that you have the
latest version of an installed package, for example, but for general use, it’s good to know that it’s there.

Note There is now a value in the R History window as well. This is very handy in case we ever need to
re-execute a line of code. All you need to do is highlight the code you want to re-execute and press Enter. This

moves the code from the R History window to the R Interactive window. From here, press Gtrl+Enter to execute
the line of code as normal.

Highlight line 79, which reads search() and execute it. This gives us a listing of the currently loaded
packages for this R session. Next, we attach a package using the 1ibrary() function, which is how R makes
functionality particular to a specific package available to the session.

Skip down to line 85, which reads library(foreign). This means that we will include the foreign
library functionality in the current session. Highlight line 85 and press Ctrl+Enter to execute it. As soon as
you see the caret at the bottom of the R Interactive window turn back to the greater than sign (>), then you
know that the code has completed executing. Figure 4-5 shows what you should see at this point.
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e

Y
# List all “attached™ or loaded packages. -
search()

# You “attach™ a package to make it's functions available,

using the library() function.

8 For example, the "foreign" package comes with R and contains
84 # functions to import data from other systems. =)
85 library(foreign)
8 k You can get help on a package using:

library(help = foreign)
o # To install a new package, use install.packages()
91 # Install the ggplot2 package for it's plotting capability.

=if (!require(“ggplot2”)){

g install.packages(“ggplot2™) -

W% -

R Interactive

OE+ ¢ |0 DH | 5D AtachDebugger | ¥ % ~ -
statsd “3.3.1" i
survival "3.3.1"

tecltk "3.3.1"

tools *3.3.1"

translations “3.3.1°

utils *3.3.1"

» search()

+

[1] ".GlobalEnv" ".rtvs” “rtvs::graphics::ide” “package:stats”

[5] "package:graphics® “package:grDevices™ “package:utils” “package:datasets”

[9] "package:RevoUtilsMath™ “package:methods™ “Autoloads” "package:base”

» library(foreign)

+

W0% ~ 4

Figure 4-5. Line 85 execution

This isn’t in the R script we are working with, but if you go back now and execute line 79 again, you

should see what is shown in Figure 4-6.
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1-Getting Started wth R+ [y e A
e +
8 # List all "attached” or loaded packages. -
79 search()
31 k You "attach®™ a package to make it's functions avail s
# using the library() function.
# For example, the "foreign" package comes with R and contains
a4 # functions to import data from other systems. —
85 library(foreign)
E # You can get help on a package using:
3 library(help = foreign)
98 # To install a new package, use install.packages()
11 # Install the ggplot2 package for it's plotting capability.
92 Eif (!require("ggplot2”)){
install.packages(“ggplot2”) -
W% -
R Interactive v X
OE+ 4|08 DY | D AtchDebugger | 5 L - -l
» search() =
[1] ".GlobalEnv" ".rtvs” "rtvs::graphics::ide” “package:stats”
[5] "package:graphics” "package:grDevices” "package:utils” “package:datasets”
[9] "package:RevoUtilsMath" "package:methods” “Autoloads” “package:base”
> library(foreign)
» search()
[1] ".GlobalEnv" "package:foreign” ".rtvs® “rtvs::graphics::ide”
[5] "package:stats” "package:graphics” "package:grDevices” “package:utils”
[9] "package:datasets” "package:RevoUtilsMath™ "package:methods” “Autoloads”
[13] "package:base”
100% - 4 »

Figure 4-6. Line 79 execution showing foreign library

Note how R Interactive shows these listed items? It is done in groups of four, with the starting n-index
number being shown as the leftmost column, followed by four packages. The next line begins with the n+4
index, and then lists another four packages, and so on. Now see how the first execution of search() showed
12 packages, but we can now see 13 packages returned in the newly returned search() command. We can
see the addition of the foreign package as the reason for this, so that is our proof that the package was

successfully added to our current R session.

When packages are added to the R mirrors, they always include a Help section. You can reference this
Help section by highlighting line 88 and pressing Ctrl+Enter. This opens the help documentation as another

page within the top frame in RTVS. Figure 4-7 shows this result.
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Documentation for package foreign' 8 = X ith_R.R README.md »
- +
Information on package " foreign® -
Description:
Package: foreign
Priority: recommended
i Version: 9.8-66
' Date: 2015-06-28
18 Title: Read Data Stored by Minitab, 5, SAS, SPSS, Stata, Systat, Weka, dBase, ...
Depends: R (»= 3.8.8)
Imports: methods, utils, stats
13 Authors@R: c( person("R Core Team”, email = "R-corefR-project.org”, role = c("aut™, "cph”,
14 “cre”)), person(“Roger”, "Bivand”, role = c("ctb", "cph")), person(c("Vincent",
"1.%), “Carey”, role = c("ctb”, "cph®)), person(~Saikat”, “DebRoy~, role = c("ctb",
“eph”™)), person(“Stephen”, "Eglen”, role = c("ctb®, "cph®)), person(“Rajarshi”,
17 "Guha", role = c("ctb”, "cph™)), person("Nicholas", "Lewin-Koh", role = c("ctb", -
W0% =~ 4 L3
R Interactive >0 x
O X 4+ 4| O 5| x| AtachDebugger | 5% % - -
CaNHLAMIL ) Wi e AW RARR B W R pURRUERS AN pUUAASUL A

Type ‘demo()’ for some demos, ‘help()’ for on-line help, or
‘help.start()" for an HTML browser interface to help.
Type 'q)" to quit R.

Microsoft R Open 3.3.1
The enhanced R distribution from Microsoft
Microsoft packages Copyright (C) 2016 Microsoft Corporation

Using the Intel MKL for parallel mathematical computing(using 2 cores).

Default CRAN mirror snapshot taken cn 2016-87-81. See: iffme
» library(help = foreign)

00% =~ 4

Figure 4-7. Help documentation for foreign library

You can close that documentation. Next, skip down to line 90. We are going to install ggplot2, which

is probably the most popular and robust charting package available for R. Highlight line 92 through 94 and
press Ctrl+Enter to execute. Figure 4-8 shows the result of this.
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1-Getting_Started_with_R.R & X READMEmd

example, the =ign" package comes with R and contains L
# jons to import data from other systems. -
library(foreign)

# You can get help on a package using:
library(help = foreign)

# To install a new
# Install the ggp
=1

package, use i

t2 package for it's plotting capability. b1
f (!require(“ggplot2™)){

install.packages(“ggplot2™)
}

# Then load the package.

library(“ggplot2”)

search()
399 # Notice that package:ggplot2 is now added to the search list. ¥
00% -
R Interactive v 4 X
OE+ ¢ OB IDEHE £ Attach Debugger | ¥ % - -
GLApaaUN UL SUY W GHIINL UG UROLE ANLLT SuLL LU G Aps
Type "q()' to quit R. o5

Microsoft R Open 3.3.1
The enhanced R distribution from Microsoft
Microsoft packages Copyright (C) 2016 Microsoft Corporation

Using the Intel MKL for parallel mathematical computing(using 2 cores).

Default CRAN mirror snapshot taken on 2816-87-81. See: https://mran.microsoft.com/.
if (lrequire("ggplot2™)}{
install.packages(“ggplot2”)
+}

Loading required package: ggplot2

W0W0% = 4

Figure 4-8. Loading ggplot2 package

Now that ggplot2 is loaded, we need to run the 1ibrary() function in order to load it into the current
R session. This is shown in line 97; highlight this line and execute it, and then execute line 98 as well. Line 98

says search(), which if you recall, shows the currently loaded packages. Notice that ggplot2 is now added to
the list of currently installed packages for this session.

R Package Manager

The installation of R Tools for Visual Studio includes an R Package Manager. If you navigate to R
Tools » Windows and choose Packages, shown in Figure 4-9, a page opens, showing you a lot of really cool
information about the installed R packages, as shown in Figure 4-10.

96



RTools | Analyze Window Help
Session 3
Plots L
Data 4
Working Directory 4
Windows * | B SourceEditor
' ¢ Install Microsoft R Client... R Interactive
| @ Change R to Microsoft R Client © Help
Microsoft R Products... 2D  History
RTVS Documentation and Samples » | Rl Files
R Documentation v | B4 Plots
Feedback » | B Packages
Check for Updates... X Variable Explorer

CHAPTER 4

b ok

Ctrl+1
Ctrl+2 I
Ctrl+3
Ctrl+4
Ctrl+5
Ctrl+6
Ctrl+7 I
Ctri+8

3
&) Editor Options...
£} Options...
9 Data Science Settings...

Survey/News...

Figure 4-9. Location of Packages selection

R Package Manages

Available Installed Loaded

base
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boot
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install Packages from Snapihots o the Checkpent Server fod Reprodutibaity

class

Functond for Cliudication

cluster

“Fanding Groups s Data™ Cluster Analyss Extended Routseeue ot al

codetools

Code Anatysia Took fer R
colorspace

Color Space Manpulation
compiler

The R Compiler Package

datasets
The F Datasets Package
deployrRserve oS

Binary R server

dichromat
Color Schermes for Dichromats

digest
Craate Compact Hash Digests of R Otjects

doParallel
Foreach Paraliel Adaptor for the ‘paraliel Package

Each package is hoensed to you by s owner, Mscrosoft o not responsibie for, nor does £ grant any
beerses 1o, third-party packages

Do not thow that agin

than previously

base

Imstalled verson: 111

Latest versiom: 3.1

Tinke: The R Base Package

Description:
Base R funchion
Suggeste  mathods
Licemse:
Lrary:
Repository:
Author:

Partof R 131

F Core Tearm and comtributen worldwde

BUILDING R MODELS WITH RTVS

.o x

Figure 4-10. R Package Manager
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The addition of a package manager is very useful, because otherwise, users would be forced to
manually manage packages through the command line. While some users may be more comfortable with
this approach, it is sort of defeating the purpose of rapid application development. With this feature, a user
can now view their installed packages and alternatively choose to update them from this interface instead of
using installed.packages().
Feel free to explore around in this area a bit. For example, the top-left corner contains three options:

e  Available: This menu option shows all of the packages available from the current
CRAN mirror you are currently pointing to. Packages can be downloaded and
installed by clicking the Install button located on the right of the interface.

e Installed: This option shows all the packages currently installed on your system. If
an update is available to an installed package, a blue icon appears in the left pane
and an Update button appears in the right pane.

e Loaded: This option shows all the packages currently loaded in your project.

To expound on this information, the Available menu option is shown in Figure 4-11.

R Package Manages

Available

Installed Loaded

A3
Accurste, Adaptable, and Accessible Ermor Metrics for Predictrve Models
abbyyR

Aceess to Abbyy Optical
abe
Teel

Chaencter Recogrition (OCR) API

Appees

ta

ABCanalysi:

Computed ABC

abcdeFBA

ABCDE_FBA: A-Bwlognt-Can-Do-Everything of Flus Balance Anabyuis with the package
ABCoptim

mplementabon of Anthicisl Bee Colony (ABC) Optmuaton
ABCp2

Appecaemate Bayesian Computationsl Model fer Extemating P2
aberf

Appreadmate Bayesian Computation via Random Ferests
abctools

Tools for ABC Analyses

abd

The Analysis of Biclogical Data

abf2

Load Gap-Free faon ABF2 Files

ABHgenotypeR

Easy Visuslaation of ABH Genotypes.

V050

W

"

1

*

*

"

"

-

4

Each package is licensed to you by its owner. Microsoft i not responsibie for, nor does it grant any

third-party packages

w thit again

&%
p-
A3
Latest wersiom: 100 Install
Tithe: Accuate, Adaptable, and Accessible Error Metrics for Predictve Models
Description:
Supplies tooks for tabulating snd snabyzing the results of predactive medets. The methods employed e pplicable to virually sny

predictive model and make compa
Depend  R(>=
Swggests:
License: GPL (>= 2]

s Between ddferent methodoioges aghtformard

stable, phapply

randomFones

Repository: hity

Author:  Scott Fortmann-Foe

Figure 4-11. Available menu option
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Notice the Install button on the right. Clicking this button installs the currently selected package into
your R installation.
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The Installed menu option appears as shown in Figure 4-12. Note that I scrolled to the bottom of the left
pane in order to show the updatable packages.

R Paciage Manager - @x
Available Installed Loaded Search P
RUnit &
)4, «oan
“ R Unit test framework A A 0 base
scales o
Scale Functions for Visualization MIAD Mt wariisi . B
spatial V3N Latest version: 331
Functions fee Kiging and Peint Pattern Anabysis X
splines EET] Title: The R Base Package
Fegresuion Spkne Functiens and Classes o :
stats Base R functions.
L] L E]
The R Pack
ot R Stats Package s r i
statsd ™ [
1 ense:  Partof RI31
Seatistical Functions using $4 Classes Yy
stringi v
Charactes Stnng Processing Faciities
G Authorz: R Core Team and contributon worldwade
stringr
i
= Simple. Consistent Wrappers for Comenan String Operations 4
survival
2304 v2I
Sunaval Ansban . ¥R 0
. ey
Tel Tk Intertace ””
tools Vil
Tools for Package Development
translations A
The R Translations Package o
@ utils Vi

The R Utils Package

Each package it icensed to you by its cwner. Mitroscht s not responsible for, nor does i grant any
ligerses 1o, third-pasty packages.

[[] Do not show thas sgen

Figure 4-12. Installed menu option

Notice that RUnit and survival both need to be updated. Clicking the RUnit package name in the left
pane changes the interface to what is shown in Figure 4-13.

F Package Marager ~EX

Available Installed Loaded

. RUnit

RUnit

R Uit test framework

scales

w040 1 by
Scale Functions for Visuakzation Installed version: 0426

spatial TRt Latest version: 0431 | Update
Functions for Kriging and Point Pattern Anabysis s
splines
Regression Spline Functions and Classes
stats
The R Stats Package
statsd
= Sastistical Functions wing 54 Classes
stril
= Character Sarang Processang Fackties
stringr " 3
100 Repository:
= Samgie, Consistent Weappers for Common String Operations 2
Authors:  Matthiss Burger < -1 et Klaus <k Sgmonet>, Themas Koeneg
2"“":: . I 25 O <thomas koenig @ epigenomics.com
rvival Anatyss

teltk
Tel Tk Interface

tools
Tools for Package Development

translations
The B Translations Package

utils
w33
L The R Utils Package “

w1l Tithe: R Uit test framewark
Description:
waan Ffunctions implementing s standard Unet Testing framewerk, with sddaional code mspection and report generation tocl

Depends: R (>= 2.5.0), wtils (»= 2.5.0), methods (»= 2501 graphics
w31 i

Suggestz ML [»= 110)
¥LLI licenme:  GPL-2
Ubraey:  CuPie

atps://mesn.revolutionan.

<3.com/snapshot/2016-07-01/src/contrib

i3l

¥

¥i31

Eath package it icensed 1o you by its owner. Microoft i not responsibile for, noe does i grant any
licemies ta, third-party packages.

[[] De ot show this again

Figure 4-13. RUnit needs updating
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Notice that the Update button now appears in the right pane.
Finally, the Loaded menu option appears, as shown in Figure 4-14.

R Package Manager -8x
Available Installed Loaded ¥ -
@ base CER] base

Thee R Base Package

datasets 13

® The R Datatets Package Imstalled version: 131

® foreign 0566 Latest version: .31
Read Dt Stored by Minitab, 5, 45, SPSS, Stata, Systat, Weka, dBase,

@ 99plot2 20 Tithe: The R Base Package
An Implementation of the Grammar of Graphics o Description:

@ 9raphics via Base R functions

The R Geaphics Package
Seggests:  methods

@ 9'Devices Al Lkonse  Pant
The R Graphics Devices and Support for Colowrs and Fonts

Library:
Repositary:
Authors: R Core Team and cortributors worldwde

@ mMethods

Formal Methods and Classes

stats
Ly Package

@ utils

The R Usils Package

package is licensed to you by its cwner. Microsolt i not responsible for, nor does it grant amy
ed-pasty packages

Do net show thes sgein

Figure 4-14. Loaded menu option

There isn’t much you can do with this area except see what is already loaded. Go ahead and close the R
Package Manager window. Let’s continue on.

Plotting in R

Next, we look at a simple regression example, as shown in the script. First, I need to point out that

the ggplot2 package comes preloaded with quite a few sets of data that is to be used to test the
functionality of the package. This data is accessed as shown on line 105, using the syntax data(package =
"ggplot2")$results. This syntax says that we want to run the data() function against the ggplot2 package
and return the subset of the output referenced as results to the screen, as shown in Figure 4-15.

100



CHAPTER 4 ' BUILDING R MODELS WITH RTVS

g#22 A Simple Regression Example
# Look at the data sets that come with the package.
data(package = “ggplot2”)Sresults

# Note that the results in RTVS may pop up, or pop under, in a new window.

# ggplot2 contains a dataset called diamonds. Make this dataset available using the data() function.
data(diamonds, package = "ggplot2”)

g Create a listing of all objects in the "global environment”. Look for "diamonds™ in the results.

1s()

# Now investigate the structure of diamonds, a data frame with 53,948 cbservations
str(diamonds)

# Print the first few rows.

0% -

R Interactive - 0 x
OE 2 ¥ L E|0t > | 5 AtchDebugger |1 % - 3
> data(package = “ggplot2”)$results -
Package LibPath Item
[1,] "ggplot2™ "C:/Program Files/Microsoft/MRO-3.3.1/library” "diamonds™
[2,] "ggplot2™ "C:/Program Files/Microsoft/MRO-3.3.1/library™ "economics™
[3,] "ggplot2™ "C:/Program Files/Microsoft/MRO-3.3.1/library” “economics_long”
[4,] "ggplot2™ "C:/Program Files/Microsoft/MRO-3.3.1/library” “faithfuld”
[5,] "ggplot2” “C:/Program Files/Microsoft/MRO-3.3.1/library” “luv_colours™
[6,]1 “ggplot2™ "C:/Program Files/Microsoft/MRO-3.3.1/library™ “midwest”
[7,] "ggplot2™ "C:/Program Files/Microsoft/MRO-3.3.1/library™ “mpg"
[8,] "ggplot2™ "C:/Program Files/Microsoft/MRO-3.3.1/1ibrary” "msleep”
[9,] "ggplot2™ "C:/Program Files/Microsoft/MRO-3.3.1/library” "presidential™
[1e,] "ggplot2” “C: Files/Microsoft/MRO-3.3.1/1library” “seals”
[11,] "ggplot2™ “C:/Program Files/Microsoft/MRO-3.3.1/library” "txhousing”
Title -
YR YU VT Ry S IR RPNAR: | W
0% -1 »

Figure 4-15. ggplot2 Results

Consequently, we could also execute the command data(package = "ggplot2") to see a listing of the
datasets included in the package. Figure 4-16 shows this result.

100 %

diamonds Prices of 50,000 round cut diamonds

economics US economic time series.

economics_long US economic time series.

faithfuld 2d density estimate of Old Faithful data

luv_colours ‘colors()’ in Luv space.

midwest Midwest demographics.

mpg Fuel economy data from 1999 and 2088 for 38 popular models of car
msleep An updated and expanded version of the mammals sleep dataset.
presidential Terms of 11 presidents from Eisenhower to Obama.

seals Vector field of seal movements.

txhousing Housing sales in TX.

- 4

s

Figure 4-16. ggplot2 datasets
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Go ahead and close that window, but keep your R script open. We've got the executed result of
data(package = "ggplot2")$results shown in the R Interactive window, so skip down to line 109 next.
This line says data(diamonds, package = "ggplot2"). The syntax of this says that we want to run the
data() command against the diamonds dataset in the ggplot2 package. Highlight that line and press
Ctrl+Enter to execute it. There isn’t any huge change or anything here; all that happened was that the
diamonds dataset was just made available for analysis. The way you know that it was just loaded is to check
your Variable Explorer window. Figure 4-17 shows what the Variable Explorer window should look like at
this point.

Variable Explorer w X
& a5 Search p-
7@ .GlobalEnv v
Name Value Class Type

[ diamonds lazylLoadDBfetch(c(OL, 509353L), dataf <promise> <promise>

Variable Explorer ST NS LIE

Figure 4-17. diamonds dataset loaded

So there is our diamonds dataset, loaded and ready to go. Go down to line 112 next, which says 1s().
That line by itself, without any arguments, only returns the datasets or functions defined by the user in
the current session. In this instance, running a simple line of code only results in the output of a single
word: diamonds. The reason for this is that this is the only dataset loaded for this session. If you were to
execute this line inside of a function with no arguments, you would be able to see the local variables for that
particular function. As you can tell, this can be a useful debugging tool.

Now go down and execute line 115, which says str(diamonds ). This command allows us to examine the
structure of the dataset passed in as an argument. Figure 4-18 shows the structure displayed in RTVS.
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T-Getting Started_wen RR = x Lonan e A
- +

# ggplot2 contains a dataset called diamonds. Make this dataset available using the data() function. -
data(diamonds, package = "ggplot2”)

# Create a listing of all objects in the “global environment™. Look for “diamonds®™ in the results.

1s()

# Now investigate the structure of diamonds, a data frame with 53,940 observations

str(diamonds)

k Print the first few rows.
head(diamonds)

# Print the last 6 lines.

tail(diamonds)

# Find out what kind of object it is. 5
100% -~

R Interactive X
OE+ v |0 DY |5 AttachDebugger | gf %) - v et

[1] "diamonds™

» str{diamonds)

Classes “tbl _df', "tbl" and 'data.frame': 53948 obs. of 1@ variables:
$ carat : num ©.23 9.21 ©.23 .29 9.31 9.24 0.24 0.26 9.22 0.23 ...
$ cut : Ord.factor w/ 5 levels "Fair"<"Good™<..: 5424233313 ...

$ color : Ord.factor w/ 7 levels "D"<"E"<"F"<"G"<..: 2226776525 ...

$ clarity: Ord.factor w/ 8 levels "I1"<"SI2"<"SI1"¢<..: 2354267 345 ...

$ depth : num 61.5 59.8 56.9 62.4 63.3 62.8 62.3 61.9 65.1 59.4 ...

$ table : num 55 61 65 58 58 57 57 55 61 61 ...

$ price : int 326 326 327 334 335 336 336 337 337 338 ...

$x : num 3.95 3.89 4.95 4.2 4.34 3.94 3.95 4.97 3.87 4 ...

Sy : num 3.98 3.84 4.987 4.23 4.35 3,96 3.98 4.11 3.78 4.05 ...

$z : num 2.43 2.31 2.31 2.63 2.75 2.48 2.47 2.53 2.49 2.39 ...

> -

100% =~ 4 13

Figure 4-18. str(diamonds) output

Briefly look at the returned data there. You can see that there is a lot of information but it appears to be
truncated. Have no fear; take a look at your Variable Explorer again. You see that there is a very slight change,
in that there is now an indicator next to diamonds, as opposed to just a table graphic. Click this indicator.
You should see what is shown in Figure 4-19.
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b
b
v

Name

[ gamonae 00 of 0vribis U [t it

Variable Explorer
& 3 | Fx

/2 .GlobalEnv

carat

cut

color
clarity
depth
table

price

Value

Search

Class

num [1:53940] 0.23 0210230 O, @ numeric

Ord.factor w/ 5 levels “Fair"<"Good"< ordered, fac integer

v 0 X

Type

double

Ord.factor w/ 7 levels "D"<"E"<"F"<"( ordered, fac integer

Ord.factor w/ 8 levels "11"<"SI2"<"SI1" ordered, fac integer
num [1:53940] 61.559.856.96 Q, [] numeric
num [1:53940] 55 61655858 Q, [
int [1:53940] 326 326 3273343 Q_ [
num [1:53940] 3.953.894.054 Q [
num [1:53940] 3.983.844074 Q [
num [1:53840] 2432312312 Q @

Figure 4-19. diamonds detail information

numeric
integer

numeric
numeric

numeric

double
double
integer
double
double
double

Variable Explorer LY SVILTS

This is much easier for me to read and decipher. Across the top, just above the blue bar shown in
Figure 4-19, the columns are defined as Name, Value, Class, and Type. Browse around in there for a minute
to get familiar with how it looks. This is a very cool feature that allows the introspection of data before it is
really analyzed.

Go to line 118 next. This line says head(diamonds), which simply instructs R to output the first six rows
of data in the dataset. Conversely, line 121 says tail(diamonds), which, as you've probably guessed, outputs
the last six rows of data in the dataset. The results of these two executions are shown in Figure 4-20.

R Interactive
OE+ 4 O8N « | LD AtachDebugger | ¥ U -~
> head({diamonds)
+
carat cut color clarity depth table price x
1 98.23 Ideal E 5I2 61.5 55 326 3.95
2 9.21 Premium E 5I1 59.8 61 326 3.89
3 8.23 Good E V51 56.9 65 327 4.85
4 98.29 Premium  § V52 62.4 58 334 4.28
5 8.31 Good ) 512 63.3 58 335 4.34
6 8.24 Very Good ] W52 62.8 57 336 3.94
» tail(diamonds)
+
carat cut color clarity depth table price
53935 ©.72 Premium 1] SI1 62.7 59 2757
53936 @.72 Ideal 4] SI1 6.8 57 2757
53937 @.72 Good 4] SI1 63.1 55 2757
53938 ©.7@ Very Good 1] 5I1 62.8 6@ 2757
53939 @.86 Premium H 512 6l.@ 58 2757
53948 @.75 Ideal D 512 62.2 55 2757
> |
100% = 4

58

61
56
74

WO w W W W

Figure 4-20. head() and tail() demonstrated
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Line 127 is next, which says dim(diamonds). The dim() function allows us to see the dimension of the
object passed as an argument, which would be diamonds in this case. Executing this line simply shows what
we have already gathered by examining the Variable Explorer earlier: there is one dataset returned with
53940 objects of 10 variables.

Next, we move on to plotting in R. There are three main packages used for charting in R: base, lattice,
and ggplot2. This is also referenced on line 136.

Lines 133 and 134 say the following:

diamondSample <- diamonds[sample(nrow(diamonds), 5000), ]
dim(diamondSample)
Let’s break the syntax of this apart before anything else.
e diamondSample: Declares an object for storage of the results of the command.

e  <-:Anassignment operator that declares that the result of the command(s) on the
right are to be assigned to the object on the left.

e diamonds: References the diamonds dataset.

e [sample(nrow(diamonds), 5000),]: Draws a random sample of 5000 data points
from the diamonds dataset.

¢ dim(diamondSample): Shows the dimension of the diamondSample object.

As expected, the result of the dim(diamondSample) command was the output [1] 5000 10, which
means that one dataset and 5000 objects in 10 variables were returned.

Next, we go to line 140, which reads: theme_set(theme_gray(base_size = 18)). This says that we set
the font size to 18pt and use the gray theme. Highlight and execute that line, then skip down to lines 143 and
144. Those lines show the following code:

ggplot(diamondSample, aes(x = carat, y = price)) +
geom point(colour = "blue")

First off, note that this is on two different lines, but it is actually one long command. The presence of the
plus sign indicates a line continuation character, outside of usage inside a function or argument.
Let’s take a look at the syntax of this command before we move on.

e ggplot: Defines the function to be executed.
e diamondSample: References the diamondSample object as the active dataset.

e aes: Defines the aesthetic qualities of the chart; in this example, the x axis is the
carat set and they axis is the price set.

e geom_point: Customizes the points once they are charted.

So this means that we will generate a chart. Highlight these two rows and press Ctrl+Enter to execute
them. Figure 4-21 shows the result of this action.
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R Plot o x
oX &8 BB
» ',
CHASE
't
!_ . s
15000 - L
Paeis
s
;.‘ :
8 10000- -
& .
5000 -
v]
2 3 4
carat

Figure 4-21. Our first chart!

Notice that the R Plot window came into focus here? That’s pretty handy. Notice also that the x axis is
carat and they axis is price, as we defined in the aes () command.

Go down to lines 147 through 149 next. You'll see there is a very slight addition of scale_x_log10().
This gives us a nice little logarithmic scale on the x axis (which is also stated in line 146) so go ahead and
highlight and execute lines 146 through 149 now. Figure 4-22 shows what you should see now.

RPot -
«+ 0N FF DD

-'.?

- . 3
E’; - 2
15000 - TR
1, ;{-'_;.'
8 10000- e
A .
. .
5000- E;.--._- g ::- )
SR " [
T ||||Ii|§E§‘ siihe
voinnne R

carat

Figure 4-22. Logarithmic scale addition

106



CHAPTER 4 ' BUILDING R MODELS WITH RTVS

That’s starting to make a bit more sense now. Next, another line is added to let us add another

logarithmic scale on the y axis. This is on lines 152 through 155; so highlight these lines and press Ctrl+Enter
to execute them. Figure 4-23 shows what you should see now.

RFiot

- aXNFA DD

10000

price

' '||‘

i H|||ﬂld::f“
Ili “s' |1I|u-|5u..
i

1000

carat

Figure 4-23. Logarithmic scale on x and y axes

The chart is even better now, I think.

Linear Regression in R

Next, we look at linear regression in R within the confines of the loaded dataset. Linear regression is basically
the way that statisticians define the relationship between a scalar variable and one or many explanatory

variables. Simple linear regression is when there is only one explanatory variable, which is essentially what
we are dealing with in this example.

In R, we must first build a model of the data before we can access that model. To do that, take a look at

line 163, which says model <- 1m(log(price) ~ log(carat) , data = diamondSample).Again, let’s look
at the syntax of this before we move on.

e model: Defines the object that inherits what is defined in the command.

e  <-:Anassignment operator that declares that the result of the command(s) on the
right are to be assigned to the object on the left.

e Im: Defines a linear model.
e log(price): A logarithmic scale of the price data (also the scalar variable).

e  ~:Separates the scalar variable and the explanatory variable(s). Scalar variables are
shown to the left of this symbol and explanatory variables are shown to the right.

e log(carat): A logarithmic scale of the carat data (also the explanatory variable).

e ,data = diamondSample: Defines the data object to be used (diamondSample, in this
case).
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Highlight line 163 and execute it. Notice that there is no discernible action taken in the IDE, so let’s
check the Variable Explorer again. There is now another data object in there referenced as model. Figure 4-24
shows what you should be looking at now.

Variable Explorer v X
@ 8 | ¥x Search P~
2 .GlobalEnv -
Name Value Class Type

b BH diamondSample 5000 obs. of 10 variables Q [ tbl_df, tbl, d list
b~ model List of 12 Qg im list

Variable Explorer ETL Y20 W0

Figure 4-24. model dataset

Line 166 simply says summary (model). Go ahead and execute that line. A lot of information is shown in
the R Interactive window now. Take a look at Figure 4-25.

1-Getting_Started_with RR = > [i3an 3] B

# Build the model. log of price explained by log of carat. This illustrates how linear regression works. a
Later we fit a model that includes the remaining variables

model <- lm{log(price) ~ log(carat) , data = diamondSample)

# Look at the results. =
summary(model)
R-squared = @.9334, i.e. model explains 93.3% of variance -

100% =

R Interactive

OE+ 4 |88 D1 | L AtachDebugger | 5 % - M
> summary(model) -
Ccall:

lm(formula = log(price) ~ log(carat), data = diamondSample)

Residuals:
Min 19 Median 3Q Max
-1.23362 -8.17217 -0.00395 8.17259 1.14454

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 8.453407 ©.004448 1900.6 <2e-16 ***
log(carat) 1.673569 @.006321 264.8 <2e-16 ***

signif. codes: @ "***' @.901 "**" @.01 "*' 0.05 "." 8.1 " "1
Residual standard error: ©.2613 on 4998 degrees of freedom

Multiple R-squared: @.9334, Adjusted R-squared: @.9334
F-statistic: 7.81e+@4 on 1 and 4998 DF, p-value: < 2.2e-16

Wo% ~ 4 »

Figure 4-25. summary(model) information
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Take a look at what is returned by this action. You have a lot of really useful information returned about

the model here, so understand that this is a great place to get meaningful statistical information about a
model.

Head on down to lines 170 through 172, which show the following code:coef(model)
coef(model)[1]
exp(coef(model)[1])

Line 169 says that we extract the model coefficients. Let’s highlight those lines and execute them now.
Figure 4-26 shows what you should see in your R Interactive window now.

> coef(model)
+ coef(model)[1]
+ exp(coef(model)[1])
(Intercept) log(carat)
8.453487 1.673569
(Intercept)
8.453487
(Intercept)
4591.029

Figure 4-26. model coefficients

Now that we’ve got that, let’s take a look at the next bit of code on lines 175 through 179. This code is
defined as follows:

ggplot(diamondSample, aes(x = carat, y = price)) +
geom point(colour = "blue") +
geom_smooth(method = "1Im", colour = "red", size = 2) +
scale x_log10() +
scale y log10()

We've already stepped through the syntax of this command, but I see that there is a line that says geom_
smooth(method = "1m", colour = "red", size = 2) +thatwe didn’t define before. The addition of this
line of code adds a thin red trend line to the chart. Highlight these lines and execute them now. Figure 4-27
shows what you should see as a result.
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10000

price

1000 -

carat

Figure 4-27. Charted result

That is one meaningful chart! The charts are getting progressively better and more interesting, as you
can see.

Regression Diagnostics

Next, go down and take a look at lines 190 through 192. They are defined as follows:

par(mfrow = c(2, 2))
plot(model, col = "blue")
par(mfrow = c(1, 1))

So in this example, we set the plot layout to generate a 2x2 grid of charts, show the plotted information
within the model dataset, and then reset the plot layout back to a 1x1 grid again. Let’s take a further look at
the syntax of these statements.

e  par: This function combines multiple different charts into a single chart as specified
by the mfrow() argument.

e mfrow = c(2, 2):This argument passes in the values for (rows x columns), which
determine how the grid is laid out on the stage.

e plot(model, col = "blue"): This function determines what is to be plotted (model)
and the color (col) of the plotted data points.

Feel free to play around with this or any other function a bit, just to get a feel for what the syntax does
and how the subtle changes you make to the functions affect the generated output. I typically find this to be
a great way to learn about the functions, so maybe you will like this method as well. For example, change the
col value to blue or green, and see what happens to your charts. Change the c() value to 3, 3 instead of 2, 2.
Notice how the charts are realigned.
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Tip  If you ever get stuck with an error that says Exror in plot.new(): figure margins too large, run
the commands dev.off() and par(mar=c(1,1,1,1)) to clear the error. They may need to be run multiple times
to reset the graphics component. Huge thanks to Stack Overflow (http://stackoverflow.com) for this tip!

Highlight lines 190 through 192 and execute them. Figure 4-28 shows what you should now see.

NOmal -l

Figure 4-28. Multiple chart results

That looks fantastic. Notice how most of the data points lay fairly close the red line? That indicates that
this dataset is pretty reliable and does not contain an overwhelming number of outliers.

The Model Object

Line 198 has us look at the structure of the model object. Highlight and execute this line. You see a flurry of
activity in the R Interactive window. Figure 4-29 shows this returned data. This is to be expected, so go back
through the R Interactive window and take a look at how the data was returned.
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R Interactive

OE+ v |OUNH | AtachDebugger | 5 % - -l
> str(model) -
List of 12

$ coefficients : Named num [1:2] 8.45 1.67
.= attr(®, “names”)= chr [1:2] “(Intercept)” “log(carat)”
residuals : Named num [1:5@0@] -©.2992 -9.8697 -8.2863 -0.3204 ©.2168 ...
..= attr(®, “names”)= chr [1:5000] "49833" "20307" "48531" "32295" ...
effects : Named num [1:5000] -551.398 -69.18 -8.282 -8.317 0.219 ...
-.= attr(®, “names”)= chr [1:5000] "(Intercept)” "log(carat)™ "" " ...
rank : int 2
fitted.values: Named num [1:500@] 7.93 9.14 7.88 6.44 5.99 ...
++- attr(®, “names”)= chr [1:5000] "49033° “20307" "48531" "32295" ...
assign : dint [1:2] 0 1
$qr iList of §
..$gr @ onum [1:5000, 1:2] -70.7107 0.0141 €.0141 0.0141 9.0141 ...
+ o= attr(®, “dimnames”)=List of 2
«+ ++ .5 1 chr [1:500@] "49€33" “28307" "48531" "32295" ..
« «s +.% & chr [1:2] "(Intercept)™ “log(carat)™
. ..= attr(®, "assign®)= int [1:2] @ 1
..% qraux: num [1:2] 1.81 1.82
..% pivot: int [1:2] 1 2
..% tol : num le-@87
..5 rank : int 2
++= attr(®, “class”)= chr "gr®
$ df.residual : int 4998
$ xlevels : Named list()
$ call : language lm(formula = log(price) ~ log(carat), data = diamondSample)
$ terms :Classes “terms’, "formula' language log(price) ~ log(carat)
..= attr(®, "variables")= language list(log(price), log(carat))

..- atte(*. "factors")= int [1:2. 116 1 o
Wo% = 4 »

W m aA

Figure 4-29. Returned object data

Notice that the returned data is actually pretty unreadable and might not make a lot of sense right now.
This is just one way that we can view the model object, fortunately. Look at your Variable Explorer window
and expand the model entry. Figure 4-30 shows what you should see now.

Variable Explorer Al =4
@ B ) Search P -
72 GlobalEnv v
Name Value Class Type
¢ [T diamonds 53940 obs. of 10 variables C, B tbl_df, tbl, data.frame list
© 7 diamondSample 5000 obs. of 10 variables C, B tbl_df, tbl, data.frame list
[ Fimodel ________ flstotz _________________ Qm st
@.53Class “Im* character character
b= coefficients Named num [1:2] 2.45 1.67 O 8 numeric double
3 residuals Named num [1:5000] -0.2992 -0.0697 -0.2863 -0.3204 0.2168 O ] numeric double
b= effects Named num [1:5000] -551.398 -69.16 -0.282 -0.3170.219.. Q, 0 numeric double
rank 2 integer integer
2 fitted . values MNamed num [1:5000] 7.93 9.14 7.68 6.44 5.99 ... Q @ numeric double
b= assign int[1:2)01 Q O integer integer
bi=gr Listof 5 Qg ar list
df.residual 4998 integer integer
evels Named list() qQ, list list
b E call language Im{formula = log(price) ~ log(carat), data = diamone O call language
b /P terms Classes ‘terms’, ‘formula’ language log(price) ~ log(carat) Q terms, formula language
b model 5000 obs. of 2 variables Q @ dataframe list
b T predicted_values 53940 obs. of 2vanables Q [ dataframe list

Figure 4-30. model entry
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Notice that the entries in the Name column follow those columns that were aligned next to the dollar signs
in the R Interactive window. If you were to double-click the residuals column in the Variable Explorer window,
another window opens on the top-left pane that is titled R Data: $residuals. Figure 4-31 shows this window.

R Data: §residuals ® X 1-Getting_Started_with_R.R README.md

M 029
[2] -
[3] -
[4] -0
[5]
[6] 0.19715165
m -0
[8] 0.1943
9] -
noj -
m -
na)

N3] 003475682
n4) -0.142

[15] -0.4748965

[16] -0.30455110
nn
[18] -0.1111470

P

Figure 4-31. R Data: $residuals window
This window contains the data that makes up the dataset. This procedure can be repeated for any
column that can be expanded, as seen in the Name column of the Variable Explorer.

Next is line 199, defined simply as model$coefficients. This line basically means that we want to view the
coefficients column in the model object. Execute line 199. Figure 4-32 shows you what you should see now.

> model$coefficients
(Intercept) log(carat)
8.453407 1.673569

Figure 4-32. coefficients displayed in text format

Consequently, we could also see this same data by double-clicking the coefficients column in Variable
Explorer, as shown in Figure 4-33.

R Data: Scoefficients & X |

(
[1] 8453407

[2] 1.673569

Figure 4-33. coefficients displayed in tabular format
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So again, there are two ways to do the same thing and we have verified that the data is correct.

Skip down to line 202 now. This line says model <- 1m(log(price) ~ log(carat) + ., data =
diamondSample) and it is closely related to the model we built before, but this time, we declared log(price)
~ log(carat) + ., which means that we want to model the log of the price column against all the other
columns in the dataset. In other words, this is true linear regression and not simple linear regression.

Highlight line 202 and execute it. Notice that Variable Explorer now shows List of 13 where is once
showed List of 12, which means that we have added the model to the list and it is now available in the
dataset. Figure 4-34 shows this updated value. You can always double-click model to view the data
contained within, if you would like.

Variable Explorer
53 n% TX
#2 .GlobalEnv

Name Value Class Type

= Gamonss 500 of 10w 8, ) ot o i

v FF diamondSample 5000 obs. of 10 variables Q, [ tbl_df, tbl, d list
b= model List of 13 Qdim list

Variable Explorer BN LR 1101 s

Figure 4-34. model value increased

Line 204 shows the summary of the model; so highlight this line and execute it. Figure 4-35 shows the
result of this action.
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Call:
Im(formula = log(price) ~ log(carat) + ., data = diamondSample)

Residuals:
Min 1Q Median 3Q Max
-0.59504 -0.03640 ©.00063 @.03060 1.32134

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 7.86735@ ©.224753 35.804 < 2e-16 ***
log(carat) 1.737683 0.826715 65.846 < 2e-16 ***

carat -@.867950 ©.019644 -3.459 0.000547 ***
cut.L ©.115715 ©.008827 13.109 < 2e-16 ***
cut.Q -0.834995 0.007016 -4.988 6.32e-@7 ***
cut.C 9.01109@¢ ©.006078 1.824 0.068141 .
cut™4 -@.8@5822 ©.004834 -1.205 ©.228412
color.L -0.437917 0.006594 -66.409 < 2e-16 ***
color.Q -0.104306 ©.006029 -17.300 < 2e-16 ***
color.C -8.e08947 ©.885581 -1.683 ©.108988
color”4 ©.009815 ©.065115 1.919 @.@55e41 .
color”5 -0.603020 ©.004867 -0.620 ©.534972
color”6 -8.802552 ©.e04471 -0.571 ©.568176

clarity.L ©.886421 ©.011428 77.564 < 2e-16 ***
clarity.Q -0.256352 0.010607 -23.602 < 2e-16 ***
clarity.C ©.121567 ©.009075 13.39@ < 2e-16 ***
clarity®4 -0.075253 ©.007287 -10.327 < 2e-16 ***
clarity”5 ©.825475 ©.005937 4.248 2.19e-0@5 ***
clarity”6 -0.211436 ©.005232 -2.186 ©.028883 *

clarity~7 ©.030808 ©.004602 6.694 2.4@0e-11 ***

depth 0.001640 ©.002087 ©.786 ©.431986

table -@.801954 ©.001148 -1.7@3 ©.088674 .

X ©.093449 ©.020742 4.505 6.78e-086 ***

y -0.803096 ©.002834 -1.092 ©.274785

z ©.822161 ©.017820 1.244 ©.213698

Signif. codes: @ “***' @9.@01 "**' 6.01 "*' @.05 ".' 0.1 ~ ' 1

Residual standard error: ©.1314 on 4975 degrees of freedom
Multiple R-squared: ©.9833, Adjusted R-squared: ©.9832
F-statistic: 1.217e+84 on 24 and 4975 DF, p-value: < 2.2e-16

Figure 4-35. summary(model) information

This is significant (bad pun) because the R-squared value is 98%, so that means that 98% of the data fits
closely to the regression. Not bad!
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Lines 211 through 214 show that we create a data frame, which is how R structures data within its
models. These lines are defined as follows:

predicted values <- data.frame(
actual = diamonds$price,
predicted = exp(predict(model, diamonds))

)

So, again, let’s step through this to get a feel for what the syntax is doing here.

predicted_values: The object that holds the result of the command.
data.frame: The way that R handles structured data; similar to a table.

actual = diamonds$price: Sets a column variable named actual equal to the value
represented by the price values in the diamonds dataset.

predicted = exp(predict(model, diamonds)): Sets a column variable named
predicted equal to the exponential value of the predicted values in the model linear
model in the diamonds dataset.

Execute lines 211 through 214. You'll see that nothing happens again, which is expected. Look at your
Variable Explorer again. You'll see that there is now another dataset available called predicted values,
which we just added. Figure 4-36 shows what you should now see.

Variable Explorer * 3 X
& 3| Jx Search o~
#@ .GlobalEnv v
Name Value Class Type

r FH diamonds 53940 obs. of 10 variables Q, @ tbl_df, thl, d list

v [ diamondSample 5000 obs. of 10 variables Q, [ tbl_df, tbl, d list
b model List of 13 Q

A Im list
| predced vohes [ 53540 o of 2varabes @ ] aaasrame it

Variable Explorer BINTONsT101s

Figure 4-36. predicted_values dataset

Line 217 is next, which says head(predicted values). We saw this before, so recall that the head()
command allows us to see the first six rows of data. Execute this. You should see what is shown in

Figure 4-37.
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> head(predicted_values)
+
actual predicted

326 284.2928

326 272.5836

327 375.3411

334 418.4202

335 288.7658
2|@WA WA 4927

S IV, [ SN W N S

Figure 4-37. head(predicted_values)

Next is the big show. Lines 220 through 224 contain the ggplot command that charts all of this out for
us. So far, we've laid out the data. frame object with the actual and predicted columns, Now we see what
that data looks like visualized. The R code for this command is defined as follows):

ggplot(predicted values, aes(x = actual, y = predicted)) +
geom point(colour = "blue", alpha = 0.01) +
geom_smooth(colour = "red") +
coord_equal(ylim = c(0, 20000)) +
ggtitle("Linear model of diamonds data")

I'm pretty sure that we can read that and decipher what the syntax says, but basically, we are running
the ggplot command against the predicted values dataset. We are using the aesthetic value for the x axis
to be the actual data and the y axis to be the predicted data. The data points are blue with a varying alpha
(transparency), depending on the data value, with a red trend line, a y-limit of 20000 (which forces scale),
and a title.

Figure 4-38 shows what you should see after you execute lines 220 through 224.
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Linear model of diamonds data

20000 -

15000 -
O
2
Q

5 10000-
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5000 -

0_

0 5000 10000 15000
actual

Figure 4-38. ggplot of predicted_values

Really, really useful chart there, don’t you think? If you got this far with no problems, excellent work!
You've actually learned quite a bit about the basics of R syntax now and you have seen real-world application
of the most commonly used R plotting package: ggplot2.

Summary

We have done quite a bit in this chapter, including getting the data models built and verified that we are
returning data into our object variable. We also looked at charting these values and the different ways that

we can look at the data via different kinds of charts. Next, we get into more advanced plotting in R with R
Tools for Visual Studio.
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Plotting in RTVS

Picking up right where we left off in Chapter 4, we are probably comfortable enough with R to begin getting
into the task of creating the reports specified in the software requirements document created in Chapter 3.
Understand that I am in no way intimating that we are experts in this language. Quite the opposite, actually.
We are far enough along to understand some basics and we are now going to expound on that knowledge by
pressing forward, while still recognizing that we are crawling and not yet walking.

Let’s review the reports that were promised as outlined in our software requirements document. These
are the reports:

e  Average Wind Speed per AirportID
e  Average Temperature per AirportID (°F)

With this in mind, let’s start planning out the solution in R Tools for Visual Studio and seeing if we can
get them working correctly.

Report 1: Average Wind Speed by Airport ID

In this first part, we calculate the Average Wind Speed per Airport. This is done by simply adding all the wind
speed values for each Airport ID, and then dividing by the number of records. R provides a quick way for us
to do this by using core functionality called data.table. What is data.table? It’s a package freely available
with a lot of really cool ways of slicing and dicing large amounts of numerical data. You need the data.table
package if you want to calculate mean, sum, or just about any R built-in function easily.

Open R Tools for Visual Studio. You should see what is shown in Figure 5-1. Notice that we are working
with a fresh instance of RTVS and not using the old interface from the previous chapters.
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‘eitation()” on how to cite R or R packages in publicetions.

Type "demo()" for some demos, "help()’ for on-line help, or
‘help.start()" for an WTML browser interface to help.
Type ‘q()’ to quit R.

Microsoft R Open 3.3.1
The enhanced R distributica from Microsoft
Microseft packages Copyright (C) 2006 Micresoft Corporaticn

Using the Intel ML for parallel mathesmatical cosputing(using 2 cores).

Default CRAN mirror saapshot taken on 2016-07-01. See: hitps://ec

W% - (5] ~Help R History

Figure 5-1. R Tools for Visual Studio

The reason that we are working in a fresh environment is because we are importing datasets and
working with that data. I don’t want there to be any chance of working with the wrong data and possibly
getting incorrect results.

Importing the Dataset

The first thing that we have to do, as data scientists, is to gather our data. This sounds easy when you have a
file location or URL to get the data from. When you don’t have the data available and you have to define it, it
is consequently much more difficult to ascertain. Luckily, that is not the case, since we have a complete set of
data ready to be imported.

First, make sure that you have unzipped the file we downloaded from Chapter 4, RTVS-docs-master.
Within this . zip file, navigate to RTVS-docs-master\examples\MRS_and_Machine Learning\Datasets.In
this directory is a file named Weather_Sample.csv. This file is our data source for this example, so you can
either leave it there or copy it to another location on your PC that is easier to remember.

Now, with RTVS up and running, we go to R Tools » Data » Import Dataset into R Session from
Text File... to get that data into our environment. Once you click the Import Dataset into R Session from
Text File menu option, an interface appears that prompts you to navigate to the file that you want to import.
We will use Weather_Sample.csv, so navigate to the location where you saved that file and click the Open
button.

You should see what is shown in Figure 5-2.
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(= Beard\ Desktop!A ginning SCL Server R Services\downloads\Weather_Sample.csv ... InputFile Data Frame
—— Weather_Sample Year AdjustedMonth  AdjustedDay  AiportlD  AdjustedHour Timezone  Visibility DryBulbFarenheit  DryB
1 N 1 1. -4 1 1 an2 -
Encoding  Western European (Windows) (CP 10 = ok e e g o i 2
2 w13 9 1 14843 1 4 10 82 28
Row names  <Automatic> -
3 3 9 1 w3 2 -4 10 8 212
Separator  Comma () T la a3 9 1 14843 3 -4 0 8 72
Decimal Period () “I s 2013 9 1 14843 4 -4 10 8 283
Quote Deuble quote () - |6 2013 9 1 14843 5 4 10 £ 300
Comment T Nona 7 201 9 1 w43 6 -4 10 & 306
s, 8 a3 9 1 g3 7 -4 10 £l 3
9 13 9 1 a3 8 4 10 £ 310
NRows
10 2003 9 1 43 8 -4 10 £l 310
leader [ n a9 1 us3 8 - i M 3
12 2013 9 1 14843 9 -4 10 ] nr
13 2003 9 1 14843 10 4 10 £ 311
4 3 9 1 14843 1 -4 9 o] 306 o
4 »

o [ e |
Figure 5-2. Initial data view

Pretty impressive! We can see that the first 19 rows of data were brought in, which is probably meant to
give us a good sample size of the data types and lengths.

Note that you can click the top-right corner between Input File and Data Frame to see the raw data vs.
the formatted data.

When you are done looking at this, click OK. You then see what is shown in Figure 5-3.

B start Page - Microsoft Visusl Studia U P CuckLavech (G - B x
Ele Edit Yew Debug Tesm Jook Tegt ETools Apshze  MWindow Help Beadiey Beard = [
g-Qudf?-C- b Amch - | B 00 "ol aa *
StanPage ® X
oaix Soarch 2-
: : Discover Visual Studio Community 2015
Visual Studio = ) . W 5B Gikaltee :
; : . : Hame Value Class Type
B [T Westher Ssmple 113332 obs. of Mvarisbles O [ dataframe Bt
Start

Start using your MSDN benefits for Azure

Connect to Azure @

Variatle Explore [T

OE++ 4N 1] Attach Debugger - - 3
‘eitation()” on how to cite R or R packages in publications. -
Type ‘deso()’ for some desos, "help()’ for on-line help, or

‘help.start()” for an HTML browser interface to help.

Type 'q()" to quit R.

Microsoft R Open 3.3.1

The enhanced R distributics from Microsoft
Microseft packages Copyright (C) 2006 Microsoft Corporstica

Using the Intel ML for parallel mathesmatical cosputing(using 2 cores).
Default CRAN mirror snspshot taken on 2006-07-01. See: hitps://ecan.sicrosoft.com!.

+ “Westher_Sssple’ <- read.csv(files"C:/Users/Bradley Beard/AppData/Local/Tesp/Weather Sasple.csv.utfS”, headersTRUE,

I::o!.. -4 * FPlot _

Figure 5-3. Variable Explorer
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Note that the R Interactive window also generated the following code:

“Weather Sample™ <- read.csv(file="C:/Users/Bradley Beard/AppData/Local/Temp/Weather Sample.

csv.utf8", header=TRUE, row.names=NULL, encoding="UTF-8", sep=",", dec=".", quote="\""
comment.char="")

)

This is interesting, because this shows us from R’s point of view how data gets imported into the current
working project.

Opening a Script Pane

Now that we've loaded the dataset, we can open a Visual Studio pane for executing R scripts to prepare and
analyze our data. Close the Start Page shown in the top-left pane of Figure 5-3. Then open a fresh R script by
pressing Ctrl+N, clicking R in the left pane, and choosing R Script, as shown in Figure 5-4.

Mew File 1 *

4 Installed Sortby: Default

General T R
RS R ype:
Performance

R script is a text file containing same

Search Installed Templates (Ctrl+E;

b Web R commands that can be entered on the
Scnpt E‘I Riarkdouin R command line of R
R R
EI R Documentation R
R
EI R Documentation (Function) R
R
@I R Documentation (Dataset) R

Click here to go gnline and find templates

Figure 5-4. New R Script

Click the Open button to open a blank script window. You should now have an interface similar to what
is shown in Figure 5-5.
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+4+ /4008 £ Atach Debugger | ¥ L -

‘eitation()” on how to cite R or R packages in publications. -

Type ‘deso()’ for some demos, “help()" for on-lime help, or
‘help.start()” for an HTML browser interface to help.
Type "q()" to quit R.

Microseft R Open 3.3.1

The enhanced R distributice frce Microsoft

Microseft packages Copyright (C) 2006 Micresoft Corporsticn

Using the Intel ML for parallel sathesatical cosputing(using 2 cores).

Default CRAN mirror snapshot taken on J016-07-01. See: hitps://wean.sicrosoft.com/.
» "Weather _Sasple’ <- read.csv(files"C:/Users/Bradley Beard/AppData/Local/Tesp/Weather Sasple.csv.utfi™, header=TRUE,

(e R Help R History

Figure 5-5. Ready to work!

Now that our data is loaded correctly and we have a fresh interface to work in, we can move on to the
next section.

Preparing the Dataset
How on earth do you prepare a dataset? Isn't it already prepared? Well, yes and no: yes, because the data is
already well-formed and meaningful, so now we get to see what it is really trying to say; no, because it isn’t
ready to be analyzed by R yet because it’s still raw. We need to do some auxiliary things to the data first, to get
it ready for analysis.

To get the data ready for analysis, type the following code into your Scriptl.R window:
install.packages("data.table")
library(data.table)
Weather_ Sample <- data.table(Weather_Sample)
setkey(Weather Sample, AirportID)

Figure 5-6 shows how your Visual Studio window should look after entering the code that I've just given.
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1 install.packages(“data.table") ==
library(data.table)
Weather_Sample <- data.table(Weather_Sample) -

setkey(Weather_Sample, AirportID)

100% -~

Figure 5-6. Preparation

Now, let’s go over what this code is actually doing.

e install.packages("data.table"): This code simply installs the data.table
package

e library(data.table): This code makes data.table package available to the current
R session

e lWeather Sample <- data.table(Weather Sample): This code sets an empty object
named Weather Sample equal to the data.table representation of the Weather
Sample dataset.

o setkey(Weather Sample, AirportID): This code allows for grouping on a specific
column.

Now that we understand what is happening here, we see that there is no code that actually provides
analysis. You are correct in that generalization, because we haven’t actually begun the analysis, we have
only begun to prepare the dataset for analysis. This is an important first step, because it is sort of like the
foundation for what we do next, which is create the reports we need to generate as part of the software
requirements document.

Executing the lines of code that I provided in Figure 5-6 shows that the chron package was also
downloaded along with data.table. It is important to point out that any dependent packages to a requested
package for download is always downloaded as well. This eliminates the possibility of errors occurring
because of package dependencies. In case you haven’t already executed those lines of code, go ahead and do
itnow.

Average Wind Speed by Airport ID (Tabular)

The first report that we are going to work on is Average Wind Speed by Airport ID. This report takes the data
available and calculates the average wind speed per airport, and then displays the values in a chart. The
columns we need to concern ourselves with are named WindSpeed and AirportID. We know that we have to
have an object instantiated to hold the plot data and we know that we need to return the data to the object as
adata.frame so that it can be interpreted into a chart correctly. We can start writing our code as follows:

avg_windspeed by ID <- as.data.frame(Weather Sample)
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Tip Using the as keyword in front of the data.frame declaration indicates that we want to force the
referenced dataset to be returned as a data frame.

That code doesn'’t quite do what we need yet, because we haven’t yet figured out the mean() of the
WindSpeed column yet. To do this, we need to update our code as follows:

avg_windspeed_by ID <- as.data.frame(Weather_Sample[, mean(WindSpeed)])

That code looks closer to what we need, but it’s not complete yet. What if there are blank rows in the
data? This will surely affect our output, so let’s get rid of those values by updating our code to the following:

avg_windspeed by ID <- as.data.frame(Weather_ Sample[, mean(WindSpeed, na.rm = TRUE)])

We can now see that na.rm = TRUE will remove the “missing” values in a dataset.

Finally, we add a sorting column on the end. Keep in mind that this is different than the setkey ()
function we called earlier, because the setkey() function grouped the data. To sort the data by a column,
update your code to the following:

avg_windspeed by ID <- as.data.frame(Weather_ Sample[, mean(WindSpeed, na.rm = TRUE),
by = AirportID])

Now, highlight the command we just finished writing and press Ctrl+Enter. After that, type avg_
windspeed_by_ID, highlight what you just wrote, and press Ctrl+Enter to execute it. You should see the
following output in the R Interactive window at this time:

> avg_windspeed by ID
AirportID Vi
10140 7.594268
10299 6.708183
10397 6.554401
10423 5-991983
10529 5-377292
10693 4.686593
10713 6.993095
10721 8.713368
10800 4.193095
10821 5-095719
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Note that I scrolled up to the top of the returned data in order to show the top 10 results returned out of
66 rows. The following is the entire script to generate this result:

install.packages("data.table")
library(data.table)
Weather Sample <- data.table(Weather_ Sample)

setkey(Weather Sample, AirportID)
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avg_windspeed by ID <- as.data.frame(Weather Sample[, mean(WindSpeed, na.rm = TRUE),
by = AirportID])

avg_windspeed_by ID

Save your script as avgWindspeedByAirportID.tabular.R. This is the first part of the report that we are
going to generate.

Average Wind Speed by Airport ID (Plot)

Next, open a new R script window. In that new window, you want to type in the following code:
library(data.table)
Weather Sample <- data.table(Weather Sample)

chart by ID <- as.data.frame(Weather Sample[, mean(WindSpeed, na.rm = TRUE), by =
AirportID])

library(ggplot2)

ggplot(chart by ID, aes(x = AirportID, y = V1)) + geom point(stat = "identity") + geom_
smooth(method = "1m", formula = y ~ splines::bs(x, 3)) + scale _x _continuous(name = "Airport
ID") + scale y continuous(name = "Average Wind Speed") +

geom_text(aes(label = AirportID), size = 3, vjust = 1.0) +

geom_text(aes(label = round(V1, digits = 2)), size = 3, vjust = 2.0)

Let’s take a look at this code before we move on.

e lWeather Sample <- data.table(Weather Sample): We are using Weather Sample
as our object variable name, and then populating that object with the data.table
representation of the data contained in the dataset Weather Sample (which is shown
by reference). There is a reference to the data, in other words, to create the analysis.

e chart by ID <- as.data.frame(Weather_Sample[, mean(WindSpeed, na.rm =
TRUE), by = AirportID]): First, we're setting the variable name as before to chart_
by ID. Then, we're setting this variable equal to the data frame equivalent of the
mean of the WindSpeed column in the dataset (na.rm=TRUE means to remove the N/A
values) grouped by the AirportID. Does this make sense? It is imperative that you
understand how this statement is structured, so that you can go back in and create
custom reports from this data on your own. If you haven’t gotten it yet, keep looking
at it until it makes sense.

e library(ggplot2): This command makes the newly installed ggplot2 package
available to this project.

e ggplot(chart by ID, aes(x = AirportID, y = V1)) + geom point(stat =
"identity") + geom_smooth(method = "1lm", formula =y ~ splines::bs(x,
3)) + scale_x_continuous(name = "Airport ID") + scale_y continuous(name
= "Wind Speed") + geom text(aes(label = AirportID), size = 3, vjust =
1.0) + geom_text(aes(label = round(V1, digits = 2)), size = 3, vjust =
2.0): This is a big one. This is just one huge command that controls how the chart
looks and renders. The individual parts of this statement are:
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e ggplot(: This is the plotting function.
e chart_by ID,:Feeds the data.frame of Weather_Sample into this variable

e aes(x = AirportID, y = V1)) +:aes is the aesthetic definition for ggplot2. It
is saying that the x axis (horizontal) shows AirportID and that the y axis (vertical)
shows V1, which is going to the average wind speed, in this instance.

e geom point(stat = "identity") +: Thegeom point() function lets you define
how you want the points on the plot defined. In this case, we want them shown as an
identity.

e geom smooth(method = "Im", formula =y ~ splines::bs(x, 3)) +:Thisletsus
add a conditional average to the plot.

e scale x_continuous(name
X axis.

"Airport ID") +:This lets us continuously scale the

e scale y continuous(name = "Wind Speed") +:This lets us continuously scale the
y axis.

o geom text(aes(label = AirportID), size = 3 , vjust = 1.0) +: Thisletsus
label and offset the x-axis label.

o geom text(aes(label = round(V1i, digits = 2)), size = 3 , vjust = 1.0):
This lets us label and offset the y-axis label.

Note that there is a plus sign at the end of some of the lines. This counts as a continuous character; in
other words, the statement continues on the next line, which is not a separate statement.

Once you've got that all typed in, press Ctrl+A to select all, and then Ctrl+Enter to run it. You then see
what is shown in Figure 5-7.
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Figure 5-7. Plotted information
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So we've got Airport ID on the x axis and Average Wind Speed on the y axis. Save that script as
avgWindspeedByAirportID.plot.R.
Very nice so far! That finishes up the basics of the first report, so let’s move on to the second one.

Report 2: Average Temperature by Airport ID (°F)

Our next task is to report the average temperature by airport ID. The code involved is very similar to that for
the Average Wind Speed by Airport ID report, so you shouldn’t have any trouble in following along.

We'll approach our task in two steps. First we'll compute the average temperature values. Then we'll
plot them in the graph. This is exactly how we created the first report as well.

Average Temperature by Airport ID (Tabular)

Notice that the data is still loaded and available to us, so we can skip the step of loading the data and get right
into computing our average temperatures. Following is the code to do that:

install.packages("data.table")
library(data.table)

Weather Sample <- data.table(Weather Sample)
setkey(Weather Sample, AirportID)

avg_temperature_by ID <- as.data.frame(Weather_Sample[, mean(DryBulbFarenheit,
na.rm = TRUE), by = AirportID])

avg_temperature_ by ID

Type that in, press Ctrl+A to select all, and then press Ctrl+Enter to execute it. At this point, your R
Interactive window should show the following information:

AirportID Vi
10140 62.76688
10299 45-91877
10397 68.61980
10423 74.13576
10529 58.44648
10693 65-93558
10713 57.59134
10721 60.77466
10800 71.38043
10821 62.85850

W oo~NOUVT &~ WN B

=
o

That’s the first 10 rows of what you should see.
If you scroll down, you see that all 66 rows have been returned. Now save the script as avgTemperatureB
yAirportID.tabular.R.
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Average Temperature by Airport ID (Plot)

We have the data that we need, so let’s plot it onto a chart now. The code for this plot is based on the
previous plot, so let’s look at that code now:

Weather Sample <- data.table(Weather_Sample)

chart by ID <- as.data.frame(Weather Sample[, mean(DryBulbFarenheit, na.rm = TRUE),
by = AirportID])

install.packages("ggplot2")

library(ggplot2)

ggplot(chart by ID, aes(x = AirportID, y = V1)) + geom point(stat = "identity") + geom_
smooth(method = "1m", formula = y ~ splines::bs(x, 3)) + scale x continuous(name = "Airport
ID") + scale y continuous(name = "Average Temperature") +

geom_text(aes(label = AirportID), size = 3, vjust = 1.0) +

geom_text(aes(label = round(V1i, digits = 2)), size = 3, vjust = 2.0)

This code should look very familiar. I only changed the WindSpeed text in the chart_by ID section to
DryBulbFarenheit, and the scale_y continuous name to Average Temperature instead of Average Wind
Speed.

Once you get this code typed into RTVS, press Ctrl+A to select all, and then press Ctrl+Enter to execute
the code. Figure 5-8 shows what you should see at this point.
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Figure 5-8. Plotted data
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Excellent! That shows us our data—and even a moving average line thrown in for good measure.
Save that script as avgTemperatureByAirportID.plot.R. The following are the four files that you should
have saved:

e avgTemperatureByAirportID.plot.R

e avgTemperatureByAirportID.tabular.R
e avgWindspeedByAirportID.plot.R

e avgWindspeedByAirportID. tabular.R

Summary

Let’s review this chapter really quick. We actually did an awful lot here. You should be feeling pretty good
about yourself and your growing knowledge of R. Here’s what we’ve accomplished:

e  Gone through the basics of plotting in R
e Loaded an external data source (Weather_Sample.csv) into Visual Studio

e  Wrote custom R scripts based on this data in accordance with the software
requirements document

e Generated both tabular data and plots based on this data

The next chapter is gets into the Reporting Services aspect of the delivery of these reports.
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CHAPTER 6

Configuring SQL Server Reporting
Services

Recall back in Chapter 1 that we installed Reporting Services as part of the initial SQL Server installation.
When we installed Reporting Services, we selected the Install and configure option. Now we have to
configure the Reporting Services instance that we installed. Keep in mind that Reporting Services was
already installed and configured (and operational) at the point that the Install and configure option was
selected when SQL Server was installed. The purpose of this chapter is to familiarize you with the options
available within Reporting Services Configuration Manager, so that if you need to change a setting in your
own installation, you have the knowledge and confidence of how to make the required change and where to
look for the solution.

First, we’ll run Reporting Services Configuration Manager and connect to our newly installed instance,
and then we'll go through a number of configuration options at our disposal.

Connecting to an Instance

Go to the Windows Start menu. Reporting Services Configuration Manager should show in the Recently
Added box. Ifit’s not there, open the Windows Start menu, click All Apps, and then scroll down to Microsoft
SQL Server 2016. It should be inside that folder. If not, just start typing Reporting Services and it will pop up.
Click it to continue. You then see what is shown in Figure 6-1.
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! SQL Server 2016
| Reporting Services Configuration Manager

44 Connect

Reporting Services Configuration Connection

SQL Server 2016
Reporting Services

Please specify a server name, click the Find button, and select a report server
instance to configure.

Server Name: BRADLAPTOP | Eind
Report Server [nstance: SQL2016RS 2]
2 “ Cancel

| @

Figure 6-1. Reporting Services Configuration Connection

Click the Connect button here to connect to your instance. You'll then see the home configuration page
shown in Figure 6-2.
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.3 Reporting Services Configuration Manager: BRADLAPTOP\SQL2016RS

SQL Server 2016
Reporting Services Configuration Manager
Connect
3 Con Report Server Status
- Usethe Reporting Services Configuration Manager tool to define or modify settings for the Report Server and Report

2 | Manager. If you installed Reporting Services in files-only mode, you must configure the Web service URL, the

ol Aocount _‘ database, and the Report Manager URL.
44 vieb Senice URL Current Report Server

|| Database SQL Server Instance: SQL2016RS

Instance ID: MSRS13.5QL2016RS
@ Web Portal URL Edition: ENTERPRISE EVALUATION EDITION
Product Version: 13.0.1601.5
= E-mad Settings Report Server Database Name: ReportServersSQL2016RS
Report Server Mode: Native
[ Exeaution Account Report Service Status: Started
“A Encryption Keys 3 Stop
2% subsaription Settings
11 Scale-out Deployment
i) Power 81 Intsgration Results
Copy
L2 Bt

Figure 6-2. Report Server Status

The home configuration page, which is my own name for it, tells you general information about your
Reporting Services instance. Most importantly, note that the service has started. We won’t get very far
otherwise.

Let’s take a quick look at this interface before we move on. I will introduce the areas in the following
subsections, and then we go back and update the fields so that our report server starts and runs successfully.

Service Account

The settings in the Service Account area can actually stay just as they are by default. If you've changed the
Use built-in account option shown in Figure 6-3, the default setting is Virtual Service Account. This is an
account that was created when you installed Reporting Services in order to connect to the report server.
You could also choose Local System, Local Service, or Network Service. I would advise against that, because
these accounts have heightened privileges that aren’t necessary to run the report server.
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3 Reporting Services Configuration Manager: BRADLAPTOP\SQL2016RS

SQL Server 2016
Reporting Services Configuration Manager

Connect
2 Con Service Account
5 BRADLAPTOP\SQL2016RS
.2 Specify a built-in account or Windows domain user account to runthe report server service.
=3, Service Account L
48 Web Service URL Report Server Service Account
Choose an option to setthe service account and then click Apply.
§ Database (@) Use built-in account: Virtual Service Account Y
() Use another account:
Py
© web Portal URL At I ):
* E-mad Set Bassword:

[ Execution Account
“A Encryption Keys

2% subsaription Settings
11 Scale-out Deployment

197) Power BI Intagration Results

Copy

Figure 6-3. Service Account

You can also specify another domain account to interact with this service, if you prefer. This is the
choice for a lot of professionals, because they can tailor the user account to be specific to this instance of this
application, for example. If you choose this method, go right ahead and put the username and password for
this account in the appropriate boxes.

Keep in mind that if you choose a custom service account, the account specified more than likely
needs to be reviewed by a server or domain administrator in your organization for security purposes and
for adherence to corporate policies. In my experience, it is best to have the server or domain administrator
provide a list of service accounts that can be used for the various purposes needed within a database or
application server.

Web Service URL

Figure 6-4 shows that this area allows you to configure a URL where the reports generated by the Reporting
Server are to be generated and provided to authorized users. This area is already set up, unless you wanted
to give your virtual directory a different name. In that case, go ahead and do that.
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.3 Reporting Services Configuration Manager: BRADLAPTOP\SQL2016RS

SQL Server 2016
Reporting Services Configuration Manager
Connect
Fcan Web Service URL
- BRADLAPTOP\SQL2016RS
‘g Configure 2 URL used to access the Report Server. Click Advanced to define multiple URLs for a single Report Server
R, Service A t instance, or to specify additional parameters on the URL.
Nt e Report Server Web Service Virtual Directory
: Virtual Directory:
i i !Repqnsg—ver_sg_zmﬁas
|| Database
Report Server Web Service Site identification
IP Address: (Recommended}
© wieb Portal URL e =
TCP Port: [s0
—i E-mad Settings HTTPS Certificate: (Not Selected) v
HTTPS Port: Advanced...
F‘l Execution Account
A Encryption Keys Report Server Web Service URLs
URLs: http: PTOP:80/R: TVer
_2; Subscrpbon Settngs
1" 1 Scale-out Deployment
=
i) Power B Integration
Results
Copy
L2 Exit

Figure 6-4. Web Service URL

Note that there are default values that have been pre-populated for you.
The only setting I would advise on adding is the HTTPS Certificate option. If you happen to have an SSL
certificate, make sure that the certificate is provided here, if you want to run over HTTPS port 443.

Database

Figure 6-5 shows that this area allows you to configure the database that the report server is going to connect
to for data.

Note that the Current Report Server Database options are also filled in. This indicates the database
server that hosts the SQL Server Reporting Services databases. Microsoft did this for us when we selected the
Install and configure option back in Chapter 1.
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.3 Reporting Services Configuration Manager: BRADLAPTOP\SQL2016RS

SQL Server 2016
Reporting Services Configuration Manager
Connect
3¢ Can Report Server Database
- BRADLAPTOP\SQL2016RS
Ll Reporting Services stores all report server content and application datain a database. Use this page to create or

B, Service Account change the report server database or update database connection credentials.
44 vieb Senice URL Current Report Server Database

Click Change database to select a different database or create a new database in native or SharePoint integrated mode.
| Database

SQL Server Name: BRADLAPTOF\SQL2016RS
@ web Portal URL Database Name: ReportServersSQL201ERS

Report Server Mode: Native

- E-mad Settings Change Database
[ Exeaution Account Current Report Server Database Credential
1'|:|e following credentials are used by the report server to connect to the report server database. Use the options below to choose a

% Encryption Keys different account or update a password.

Credential: Service Account
5 subsarpbon Settngs Login: NT Service \ReportServer $SQL2016RS

Password: ammmmnm
1" 1 Scale-out Deployment Change Credentials
i) Power 81 Intsgration

Results
Copy
L2 Bt

Figure 6-5. Database

Next, we get to set up the database that we want to point the report server to. This means that the report
server looks at this specific database, by default. Obviously, this can be changed with separate installations
and instances of Report Server, but for now, we’ll just stick with this one since that is sort of beyond the
scope of this book. This also implies that other databases, apart from the Reporting Services databases, can
be used as sources of data.

Web Portal URL

Notice that we now have a hyperlink on the screen that reads http://BRADLAPTOP:80/Reports SOL2016RS?
If you are happy with that default URL, then everything is fine for this area. Figure 6-6 shows that this area
allows you to define a custom URL for access to the web portal, in case you aren’t happy with the default
value. I advise you to leave the Virtual Directory value alone, since the default value works just fine and this
is just for evaluation purposes.

Note that the Web Service URL (discussed earlier in this chapter) must be defined before this area can
be defined.
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m Reporting Services Configuration Manager: BRADLAPTOP\SQL2016RS

SQL Server 2016
Reporting Services Configuration Manager
s Gannect Web Portal URL
= BRADLAPTOP\SQL2016RS
Configure a URL to access Web Portal. Click Advanced to define multiple URLS, or to specify additional parameters on

!!, Service A t the URL.
P i Web Portal Site Identificaton

Virtual Directory: [Reports_sqL2016rs
| Database ) )

URLs: hitp://BRADLAPTOP:80/Reports SQL2016RS Advanced
@ Web Portal URL
4 E-mad Settings
H Execution Account
A Encryption Keys
12X subscription Settings
1" 4 Scale-out Deployment

Results
f4f) Power Bl Integration

Copy
Bt

Figure 6-6. Web Portal URL

E-mail Settings

Figure 6-7 shows that this area allows you to specify e-mail settings. Obviously, this would be useful if you
wanted to send e-mails with the reports attached. The default values are not selected. You must fill these
options in yourself.
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i Reporting Senices Configuration Manager: Al \SOL20T6RS
B R g5 Config Manager: BRADLAPTOP\SQL2016RS

SQL Server 2016
Reporting Services Configuration Manager
nect
% Cen E-mail Settings
= BRADLAPTOP\SQL2016RS A
To use report server e-mail, specify an existing SMTP server and an e-mail account that can send e-mail from
2, Service A t [ § that server.
B Vieb Service URL SMTP Settings
11 0a To edit, change the fields and click the Apply button.
Sender Address: | |
© web Portal URL
Current SMTP Delivery Method: [Use SMTP server |
| E-mai Settings
SMTP Server: | |
H Execution Account r ¥
Authentication: Mo authenbcation v
A Enaryption Keys
12X subscription Settings
1" 1 Scale-out Deployment
fiil) Power B1 Integration Results
Copy
7] Exit

Figure 6-7. E-mail Settings

Asyou can see in Figure 6-8, I have provided the general format for how you want to fill in the fields
shown.
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ﬁ Reporting Services Configuration Manager: BRADLAPTOP\SQL2016RS
9 g 9

SQL Server 2016
Reporting Services Configuration Manager
nnect
% Co E-mail Settings
= BRADLAPTOP\SQL2016RS e
e To use report server e-mail, specify an existing SMTP server and an e-mail account that can send e-mail from
2, Service A t ; that server.
#B Vieb Service URL SMTP Settings
11 0a To edit, change the fields and click the Apply button.
Sender Address: bradiey.beard @gmad.com |
© web Portal URL |
Current SMTP Delivery Method: !L._se'sim server ]
) E-mall Sett - o
SMTP Server: lgmp.ghﬂ.m |
H Execution Account
Authentication: Username and password (Basic) W
A Encryption Keys Username: |bradiey.beard@gmal. com |
|5, subscription Settings Password: |unuunu |
s i i Confirm Password: lounuou»] ]
G Power B Integration Results
Copy
@ Apply Exit

Figure 6-8. E-mail Settings, updated

When you have updated your settings, click Apply to save them.

Note  Obviously, your settings will be different than the ones shown here.

Execution Account

Figure 6-9 shows that this area allows you to specify an execution account.
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& Reporting Services Configuration Manager; BRADLAPTOP\SQL2016RS
9 ) )

SQL Server 2016

Reporting Services Configuration Manager
s Gannect Execution Account
= BRADLAPTOP\SQL2016RS

r Specify this account to enable the use of report data sources that do not require credentials or to connect to remote

‘ servers that store external images used in reports. Be sure to specify a domain user account with minimal
permissions for performing read-only operations. Avoid using an account that has more permissions than you
actually need. The account you specify should be different from the service account to ensure you do not

1, service Account

2 Web Service AL compromise security on your report server instance.
§ Database Execution Account
© Web Portal LRL Use the following options to setthe account, then click Apply.
[ Specify an execution account
= E-mad Settings Accgunt:
[ Execution Account Password:

” Confirm Password:
A\ Encryption Keys

12X subscription Settings Results
1" 1 Scale-out Deployment

i) Power 81 Intsgration

Copy

Figure 6-9. Execution Account

We don'’t need to worry about an execution account for this book, so just bypass this for now.

Encryption Keys

Figure 6-10 shows that this area allows you to backup, restore, change, or delete encryption keys.

I highly recommend backing up your encryption keys immediately. Without these keys, you cannot
decrypt any encrypted database. It is of vital importance that the keys be backed up regularly and stored
securely.
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ﬁ Reporting Services Configuration Manager: BRADLAPTOP\SQL2016RS
9 g 9

SQL Server 2016
Reporting Services Configuration Manager
nnect
o Encryption Keys
= BRADLAPTOP\SQL2016RS
Reporting Services uses a symmetric key to encrypt credentials, connection strings, and other sensitive data that is stored
£, Service A t in the report server database. You can manage this key by creating a backup. If you migrate or move the report server
installation to another computer, you can restore the key to regain access to encrypted content.
48 Web Service URL
Backup
i , Backup the key to a password protected file for report server recovery in case of
| Database & emengency. Backup
© web Portal URL .
To restore the encryption key, click the Restore button. You must know the password that
-3 E-mai Settings was used to protect the encryption key file. Restore
H Execution Account Change
This tion replaces the encryption key with a newer version.
v Change
1\ Eneryption Keys
Delete Encrypted Content
. subscarip ttings
. o S¢l All stored ion strings, cred Is, and encrypted values in a subseription will be
deleted. After you delete this content, you must redefine all data source connections and Delete
‘_u. Scale-out Depk t subscriptions used on the report server.
{31 Power BI Integration
Results
Copy
7

Figure 6-10. Encryption Keys

Subscription Settings

Figure 6-11 shows that this area allows you to configure an account that is used by remote users to access

your available file share subscriptions. Note that a file share subscription is necessary when e-mail delivery
is not allowed.
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.3 Reporting Services Configuration Manager: BRADLAPTOP\SQL2016RS

SQL Server 2016
Reporting Services Configuration Manager
Connect
2 Con File Share Account
5 BRADLAPTOP\SQL2016RS
=5 Configure an account to be used by subscriptions to access file shares. Use an account with as minimum
R, Service A t | .:.";_] s:(r:nlj:tsions as possible and an account that is different from the account used for the Reporting Services service
48 Web Service URL
) Ca File Share Account
Use the following options to setthe account, then click Apply.
@ Web Portal LRL e ) i
[ specify afile share account
3 E-mad Setting Account:
[P Execution Account Password:
Confirm Password:
A\ Enaryption Keys
2, subscription Settings Result

1" 1 Scale-out Deployment

i) Power 81 Intsgration

Copy

Figure 6-11. Subscription Settings

Since this deployment is strictly for testing, we can leave this area alone.

Scale-out Deployment

Figure 6-12 shows that this area allows you to view information about a scale-out deployment. A scale-out
deployment is essentially a load-balancing model, which increases scalability in a server cluster. As more
users of the Reporting Services instance consume resources, the load can be shared to another server that
shares the same encrypted data as the original server. At this time, the scale-out deployment option is only
available in Enterprise edition for production instances.
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ﬁ Reporting Services Configuration Manager: BRADLAPTOP\SQL2016RS
9 g 9

SQL Server 2016

Reporting Services Configuration Manager

#/ Connect

= BRADLAPTOP\SQL2016RS
2, service Account
48 Web Service URL
|} Database
@ Web Portal URL
3 E-mad Settings
[ Execution Account
A Enaryption Keys

12X subscription Settings

1" . Scale-out Deployment

{31 Power BI Integration

Scale-out Deployment
2 Use this page to view information about a scale-out deployment. Report Servers that are joined to the scale-out can store
4 B encrypted datain a common Report Server database., Servers that are waiting to join the scale-out deployment must be

added by a Report Server instance that is already part of the deployment.

Scale-out Deployment Status
SQL Server Name: BRADLAPTOP\SQLZ016RS
Database Name: ReportServer§SQLZ016RS
Report Server Mode: Native
Server Instance Status
BRADLAPTOP SQL2016RS Joined
Results

Copy

Figure 6-12. Scale-out Deployment

Power Bl Integration

Figure 6-13 shows that this area allows you to set up integration with Power BI with a single click.
Unfortunately, Power Bl is beyond the scope of this book, so leave these settings at their defaults.

145



CHAPTER 6 ' CONFIGURING SQL SERVER REPORTING SERVICES

ﬁ Reporting Services Configuration Manager: BRADLAPTOP\SQL2016RS
9 g 9

SQL Server 2016

Reporting Services Configuration Manager

#/ Connect

= BRADLAPTOP\SQL2016RS
2, service Account
48 Web Service URL
|} Database
@ Web Portal URL
3 E-mad Settings
[ Execution Account
A Enaryption Keys
|2, subscription Settings

1" 1 Scale-out Deployment

{af) Power Bl Integration

Power BI Integration

When the report server is registered with Power BI, users can pin report items to their Power Bl dashboards. Use
] 'I this page to register or unregister the report server with Power BL

Power BI Registration
Click Register with Power BI to register the Report server with Power BL

Power BIRegistration: NotRegistered Register with Power BI

Copy

Figure 6-13. Power BI Integration

First of all, how cool is it that Power BI can integrate right into Reporting Services—and with a single

click?

Now, go back to the Web Portal URL page and click the hyperlink shown on the page. The location of
this hyperlink is shown in Figure 6-14.
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i Reporting Senices Configuration Manager: Al \SOL20T6RS
B R g5 Config Manager: BRADLAPTOP\SQL2016RS

SQL Server 2016

Reporting Services Configuration Manager

#{ Connect

= BRADLAPTOP\SQL2016RS
2, service Account
9 Web Service URL

| § Database

@ Web Portal URL

3 E-mad Settings

[ Execution Account
A Enaryption Keys

|2, subscription Settings
1" 4 Scale-out Deployment

f4f) Power Bl Integration

Web Portal URL

9 Configure a URL to access Web Portal. Click Advanced to define multiple URLS, or to specify additional parameters on
the URL.

Wb Portal Site Identification

Virtual Directory: [Reports sqLanieRs ]

Copy

Figure 6-14. Hyperlink location

When you click the hyperlink, you should see what is shown in Figure 6-15.
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c

SQL Server Reporting Services

% Favorites  [] Browse [ Manage folder +Neww~ ¥ Upload 7 View v

[D Home

This folder is empty.

Figure 6-15. Initial reports interface

If you see anything except this screen, then something went wrong with your installation or
configuration of SQL Server Reporting Services. Sometimes, depending on the operating system and the
browser settings that you currently have in place, you might get an error screen. In this instance, you may
need to run your browser instance as a local administrator (if you're running on a local computer). It’s
doubtful that you need to uninstall everything, so that’s the good news. In the event of an error at this point,
itis recommended to take a look at the Reporting Services error log.

Summary

This is a good time to stop and take a breather for a second. We've actually done quite a bit in these past few
pages, so let’s recap.

e  Verified that Reporting Services installed correctly
e  Configured our new installation of Reporting Services
e  Verified that the web portal is working as advertised

Note that there is no content yet in the web portal. This is to be expected, as it is a brand-new
installation and we haven’t begun writing reports yet.

In the next chapter, we install and configure Report Builder, which we use to create the reports that
consume the R data for use in our reports. Configure an account to be used by subscriptions to access file
shares. Use an account with as minimum permissions as possible and an account that is different from the
account used for the Reporting Services service account.
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CHAPTER 7

Report Builder Installation and
Data Preparation

Now that we have SQL Server Reporting Services installed, we need to figure out how to create and deliver
the reports requested by the customer in our software requirements document. Probably the best way

to create the reports is using Report Builder, a free download from Microsoft. The best way to deliver the
reports, obviously, is to use the built-in functionality from SQL Server Reporting Services, as previously
configured in Chapter 6.

Keep in mind that, if the customer only wanted flat-file reports (meaning just the data in CSV or XML
format, for example) we could do that with a simple export of the data from SQL Server without interaction
from SQL Server Reporting Services in the slightest. But the real point of this exercise is to show the power of
R when integrated with SQL Server; so, using Report Builder, we're going to incorporate those charts that we
created in Chapter 5 into a slick-looking report. We can then deal with little things like formatting and such,
but the most important part is making sure that the report can be built first.

Download Report Builder

To start this chapter off, we need to download Report Builder. The link for this is at https://www.microsoft.
com/en-us/download/details.aspx?id=52674, but that could change. Google is your friend, remember.

Tip  You can also download Report Builder from the SQL Server Reporting Services Web Portal that we saw
at the end of Chapter 6 by clicking the down arrow in the top-right corner.

Figure 7-1 shows the page where Report Builder can be downloaded. Note that this interface could
change in the future, but the Download button should stay clearly visible.
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Microsoft® SQL Server® 2016 Report Builder

Select Language: English b Download

Report Builder provides a productive report-authoring environment for IT professionals
and power users.

@ Details

@ System Requirements

@ Install Instructions

@ Additional Information

Figure 7-1. Report Builder download screen

Click the button to download. You should see what is shown in Figure 7-2.

=. Thank you for downloading

Microsoft® SQL Server® 2016 Report Builder

If your download does not start after 30 seconds, Click here

(—D Install Instructions

Figure 7-2. Download in progress

A file called ReportBuilder3.msi is being downloaded in the background. Once the download gets done,
you should be able to click it in the browser bar to begin the installation. If you don’t see the downloaded file
here, just go to your Downloads folder and sort by date. The file will show up there.

Figure 7-3 shows the first screen that is shown for the installation.
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i;; Microsoft SQL Server 2016 Report Builder

Welcome to the Installation Wizard for Microsoft
SQL Server 2016 Report Builder

Setup helps you install, modify or remove Microsoft SQL Server 2016
Report Builder . To continue, dick Next.

WARNING: This program is protected by copyright law and
international treaties.

e

< Back | Next> | | Cancel

Figure 7-3. Microsoft SQL Server 2016 Report Builder Installation

Obviously, we click Next to continue to the license terms shown in Figure 7-4.

i@ Microsoft SQL Server 2016 Report Builder

License Agreement

Please read the following license agreement carefully.

MICROSOFT SOFTWARE LICENSE TERMS

MICROSOFT SQL SERVER REPORT BUILDER FOR MICROSOFT SQL SERVER
2016

These license terms are an agreement between Microsoft Corporation (or
based on where you live, one of its affiliates) and you. Please read them.
They apply to the software named above, which includes the media on which
you received it, if any. The terms also apply to any Microsoft

(1 accept the terms in the license agreement
(@1 do not accept the terms in the license agreement

< Back ' Next > Cancel

Figure 7-4. License Agreement
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Click the I accept the terms in the license agreement radio button and then click Next.
Next, we get to choose our features. Figure 7-5 shows the default feature selection screen.

i:;l Microsoft SQL Server 2016 Report Builder X

Feature Selection
Select the program features you would like to install. ‘
_wd
Click an icon in the following list to change how a feature is installed.
Feature description
= I | Microsoft SQL Server Report Builder R
Report Builder for Microsoft
SQL Server 2016 Reporting
Services
Installation path
C:\Program Files (x86)Microsoft SQL Server) ‘ Browse...
Disk Cost...
<Back | Next > | Cancel

Figure 7-5. Feature Selection

We want to install everything for this, so pull down the menu on the disk in the white area. Choose

Entire feature will be installed on local hard drive to continue.
Figure 7-6 shows the correct selection for this.
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Feature Selection
Select the program features you would like to install. ‘
]
Click an icon in the following list to change how a feature is installed.
Feature description
--------- EIMicromﬂ SQL Server Report Builder
2 = 7 Builder for Microsoft
&= Will be installed on local hard drive er 2016 Reporting
== ° Entire feature will be installed on local hard drive |J
Installation path
C: Files WMicrosoft SQL Servi
\Program Files (x86) 5Q er\ Browse...
Disk Cost...
<Back | Next> | | Cancel

Figure 7-6. Correct selection

This makes sure that we have absolutely everything possible for Report Builder. When you're ready,

click Next to continue.

We are now presented with an interface that asks for the Default Target Server, as shown in Figure 7-7.
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h; Microsoft SQL Server 2016 Report Builder X

Default Target Server

The following information will help configure your installation. ‘
)

Optional: Enter the default target server URL to host new reports.

For example:
http://<servername > freportserver for a report server running in native mode.
http: //<servername > for a report server running in SharePoint integrated mode.

Leave this value empty if you do not want to specify a default target server.

Default target server URL (optional):

< Back Il Next > ] | Cancel

Figure 7-7. Default Target Server

The value that needs to be entered into Default target server URL (optional) is the value from the Web
Service URL section of the Reporting Services Configuration Manager that we did in Chapter 6, which in
my case is http://bradlaptop/ReportServer SOL2016RS, so enter your own specific URL in the box. You
should have something similar to what is shown in Figure 7-8.
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i Microsoft SQL Server 2016 Report Builder

Default Target Server
The following information will help configure your installation.

Optional: Enter the default target server URL to host new reports.

For example:
http: //<servername > freportserver for a report server running in native mode.
http://<servername > for a report server running in SharePoint integrated mode.

Leave this value empty if you do not want to specify a default target server.

Default target server URL (optional):
tp://bradlaptop/ReportServer SOL2016RSVCS

| <gak ([ Net> ][ conce

Figure 7-8. Default Target Server, updated

Click Next when you are ready to move on. You are then shown Figure 7-9, which says that we are ready

to install.
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i;; Microsoft SQL Server 2016 Report Builder X

Ready to Install the Program

Setup is ready to begin installation. ‘
)

Click Install to begin the installation.

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit Setup.

<Back [ Tnstal | Cancel

Figure 7-9. Ready to Install

If you need to make any changes, click Back and take care of them; otherwise, click Install.
Report Builder is a fairly small installation, so it loads fairly quickly. Figure 7-10 shows the completed
installation screen, which you should see at this point.
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i;;' Microsoft SQL Server 2016 Report Builder

Completing the Microsoft SQL Server 2016 Report
Builder installation

Setup has installed Microsoft SQL Server 2016 Report Builder
successfully, Click Finish to exit.

< Back | Finish | Cancel

Figure 7-10. Completed installation

Click Finish and you're done. Now that we've got Report Builder installed, click Report Builder in your
Start menu. You should initially see what is shown in Figure 7-11.

SQL Server 2016

B® Microsoft

Report Builder

Figure 7-11. Report Builder splash screen
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Eventually, the interface loads and we see that Report Builder is authenticating to the SQL2016RS
instance we specified earlier. This is shown in Figure 7-12.

Untitled - Mic

L Server Report Builder

Create a report from a wizard or from a blank report.

s Table or Matrix Wizard
',_ charts, and other formats. N G ough choosing the data source connection, layout, and style for a table

Built-in Fi — New Dataset n Chart Wizard
Parameter Share queried data among l N, Guides yo ough creating co ple, bar, and hart:
Images muitiple reports.
Data Sour
Datasets /7 Map Wizard
Onem ™ Displays report data against a geographical background

Open a saved report,
. Blank Report

Recent

Open a recently used report

[[] Don't show this dialog box at startup.

B~ B . iy NEDE
b Current report server hitp://bradlaptop/ReportServer_SQL2016RS Disconnect

Figure 7-12. Report Builder login interface

It takes a minute to load because it has to authenticate to the Report Server specified during setup. Take
a quick look at the bottom-left corner of the initial login interface. I've shown this in Figure 7-13 zoomed in
SO we can see it.

E('_;) Current report server http://bradlaptop/ReportServer_SQL2016RS Disconnect

Figure 7-13. Report Server detail

This quick reference section tells us right away which instance we are connected to. It gives us the
opportunity to disconnect from this instance and either reconnect this same instance or connect to another
SQL Server Reporting Services instance, if we like.

Setup New Database and Tables

So now that we are all set up and ready to go, let’s do a bit of refresher work.
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Recall back in Chapter 5 that we created a couple of reports that were to be delivered to the customer.
These reports were based on the Weather Sample.csv data. Later on, we will import this data into SQL
Server and then manipulate it. First, let’s take a cursory look at the data though.

Let’s set up some of the database infrastructure before we go any further. We need to set up a new
database and then create one table to act as the data source for the data.

In SSMS, right-click Databases and choose the New Database option. A screen appears, which allows
for the creation of a new database. The initial tab, shown in the left pane of the New Database screen shown
in Figure 7-14, is named General. Make the changes shown in this screen.

E New Database — m] x
Selecta o -
4 Gw'? o) Seret. > L‘ e
& Options :
% Flegroups Database pame: |SQL2016RS
Qwner: | coefauit>
Database fies
LogcalName ___ Fle Type degroue intial... Autogrowth / Mansize Path Fie Name
g_}_l.gﬂl?_lg___‘! ROWS Data  PRIMARY 8 By 64 MB. Unbmited | .. | E\SQL Server\Data'
SQAL2016RS log LOG Not Applicable 8 By 64 MB, Unlimted | .. | E\SQOL Server\Logs'
Connection

Server
BRADLAPTOP\SQL2016RS

Connection
BradLaptop'\Bradiey Beard

#; Mew connection propedies

Ready

Figure 7-14. New Database creation

Click the OK button when you are finished. The new database named SQL2016RS is created.

Next, open a new Query window, change the active database to SQL2016RS, and then type the
following:

CREATE TABLE [dbo].[chartBinary] (
[uid] int identity(1,1) PRIMARY KEY,
[title] varchar(100) NULL,

[binData] varbinary(max) NULL

)

Press F5 to execute that code—and voila! There’s our table. Figure 7-15 shows this table.
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= | SQL2016RS
# [ Database Diagrams
= [ Tables
# L System Tables
+ | FileTables
# [ External Tables

=l dbo.chartBinary

Figure 7-15. chartBinary table

Now we've got a table to store the binary data and a title for the chart. Next, we need to generate the
actual binary data. I realize that there are ways to pull this binary data directly into Reporting Services, but
I think that it is important to understand how the data works with the Report Server to take the generated
binary data and create a chart. You will certainly learn more about the chart creation process this way, as
opposed to learning the point-and-click method some may prefer.

Recall back in Chapter 5 how we were able to import the Weather Sample.csv file into the interface and
then generate the charts. This is the code to do that:

Weather Sample <- read.csv(file="C:/Users/Bradley Beard/AppData/Local/Temp/Weather Sample.

csv.utf8", header=TRUE, row.names=NULL, encoding="UTF-8", sep=",", dec=".", quote="\"",
comment.char="")

Instead of pointing to the Temp directory, I am copying the Weather_Sample.csv file from the . zip file
that we downloaded earlier and put that right in the root of C, strictly to make it a shorter file location. This is
the updated code:

Weather Sample <- read.csv(file="C:\\Weather Sample.csv", header=TRUE, row.names=NULL,
"", comment.char="")

encoding="UTF-8", sep=",", dec=".", quote="\

Note that I changed the single backslash to a double backslash in order to escape the \W command.
R throws an error when there is an escaped character, so ensure that you have converted any single
backslashes to double backslashes.

So, I assume that we will be able to pop that into the stored procedure and have that data available. Is
that a correct assumption? As it turns out... yes!

Consider the following code.

exec sp_execute_external_script

@language =N'R",

@script=N'Weather Sample <- read.csv(file="C:\\Weather Sample.csv",
header=TRUE, row.names=NULL, encoding="UTF-8", sep=",", dec=".", quote="\
char="");

print(unique(Weather Sample$AirportID));’

, comment.
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Breaking it apart, we can see that the @script attribute contains a declaration of Weather_Sample to be
the result of a read () operation of the CSV located at C: \Weather_Sample.csv, with the header information,
without row.names, encoded to UTF-8, comma separated, with decimal points if needed, with escaped
quotes and comments. We are then simply printing the unique values in the AirportID column of the
Weather_ Sample dataset. Type that into SSMS. Figure 7-16 shows what happens once the code is executed.

exec sp_execute_external_script =
@language =N'R’ -
@script=N' Luth ~_Sample <- read.csv(file="C:\\Weather_Sample.csv”

header=TRUE, row :n'\-ef.=riL:__, L‘ﬂCDdiﬂE‘"UTF'S“, sep=",", decs".", quote="\"", comment.char="");
p:'int(unique{'..eathe-‘_Sa*plesair‘par‘tlc)j-;'

00% - 4 »
3 Messages
STDOUT message(s) from external script:

[1] 14843 13204 13303 15304 14027 11697
14100 14524 1
12953 11618 1
12173 10140 12
14831 14889 7
14730 12478 14122 13930 11433

1 14683 12266 14492
10423 11259 13851
13342 13487 13871
7 14570 14679 13796
10821 12264 13795

0% -
@ Query executed successfully. BRADLAPTOP\SQL2016RS (13.0.... BradLaptop\Bradley Bea... SCL2016RS = 00:00:04 0 rows

Figure 7-16. Script execution

Those are the unique Airport IDs in the data. We can do this with any other column you would like as
well. How about AdjustedDay? Just change the last bit to AdjustedDay from AirportID. Your code should
look like the following.

exec sp_execute _external script

@language =N'R",

@script=N'Weather_Sample <- read. csv(file—"C'\\Weather Sample.csv",

header=TRUE, row.names=NULL, encoding="UTF-8", sep=",", dec=".", quote="\"", comment.
char="");

print(unique(Weather Sample$AdjustedDay));’

Run that in SSMS. You should see what'’s shown in Figure 7-17.
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-lexec sp_execute_external_script Lo
@language =N'R’ A
@script I'J".-.eather_S-drrple <- read.csv(file="C:\\Weather_Sample.csv”,
header=TRUE, row.names=NULL, encoding="UTF-8", sep=",", dec=".", quote="\"", comment.char="");

print(unique(weather Sample$AdjustedDay));"’

W% ~ 4 »
3 Messages

STDOUT message(s) from external script: -~
1) 1 2 3 4 5 6 7 8 9510 11 12 13 14 15 16 17 18 19 20 21 2
(26] 26 27 28 29 30 31

1]
"~
w
"
-
M
w

100% -~
@ Query executed successfully. BRADLAPTOP\SQL2016RS (13.0... = BradLaptop\Bradley Bea... SQL2016RS  00:00:03 0 rows

Figure 7-17. AdjustedDay script

So essentially, this shows us that we could use the existing data in CSV format as part of a local report.
Recall that I mentioned earlier that we are going to add this data to SQL Server; so let’s do that now.

Importing Weather Data

What we want to do is pretty simple: import the dataset so we can work with it. The trick this time is that we will
import it directly into SQL Server as a table named Weather_Sample. To do this, we need to expand SQL Server
Management Studio until you see the Tables menu in the SQL2016RS database, as shown in Figure 7-18.

T
@ [ Database Diagrams
= [ Tables
# [ System Tables
# [ FileTables
[+ [ External Tables
# = dbo.chartBinary

Figure 7-18. Tables location
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Right-click SQL2016RS and choose Tasks » Import Data. That opens up the SQL Server Import and
Export Wizard window. You are probably very familiar with this, if you regularly deal with manual data
manipulation. This is shown in Figure 7-19.

., SQL Server Import and Export Wizard - O X

Welcome to SQL Serverimportand Export
™~ Wizard

This wizard helps you to create simple packages that import and export data
between many popular data formats including databases, spreadsheets, and text
files. The wizard can also create the destination database and the tables into which
the data is inserted.

To move or copy databases and their objects from one server instance to another,
cancel this wizard and use the Copy Database \Wizard instead. The Copy Database
Wizard is available in SQL Server Management Studio.

\
-V

[~ Do not show this starting page again.

Help Back I Next > Finish >> Cancel

Figure 7-19. Import/Export Data initial screen

Click Next here. You see what is shown in Figure 7-20.
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., SQL Server Import and Export Wizard = O X
P P

Choose a Data Source
Select the source from which to copy data.

Data source: ¢ "l Net Framework Data Provider for Odbc -

Driver
The name of the ODBC Driver to use when connecting to the Data Source.

Help <gack |[ Next> | Frichooi | Cancel |

A\

Figure 7-20. Choose a Data Source

Pull down the Data Source menu at the top and choose Flat File Source. You are then shown
Figure 7-21, which shows the default values for this screen.
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B sqL Server Import and Export Wizard = O X
Choose a Data Source .
Select the source from which to copy data. N 1
Y

Data source: I+ Flat File Source ¥

41 General Select a file and specify the file properties and the file format.
-%] Columns :
File name: | Br
8] Advanced owSe... I
i Locale: |English (Untted States) x| Cu
Code page: [1252 (ANSI - Latin ) ~|
Format: |Deimﬁed L]
Text qualifier: |<none 5
Header row delimiter: I- ZI
Header rows to skip: |(} =
¥ Column names in the first data row
A\ Avalid file name must be selected.

Help <Back [l I Finish >: Cancel |

Figure 7-21. Default values for Flat File Source

Click the Browse... button and navigate to where you have saved the Weather Sample.csv file. You
need to pull down the file type menu and change the selected option to search for .csv files in order to
find the file we are looking for. Once you find the Weather_Sample.csv file, click the Open button and the
interface populates with information from the selected file. My example is shown in Figure 7-22.
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B sqL Server Import and Export Wizard — o X
Choose a Data Source -
Select the source from which to copy data. 4 1
N
Data source: | Fiat File Source ~
General Select a file and specify the file properties and the file format.
L8 Columns £y e C\Weather
78] Advanced = ’ I : _Sample.csv Browse...
- Locale: |English (Untted States) v] I Unicode
Code page: [1252 (ANSI - Latin 1) ~|
Format: | Deimted =l
Text gualifier: [<none>
Header row delimiter: | zl
Header rows to skip: |0 -

¥ Column names in the first data row

_!’_\. Columns are not defined for this connection manager.

Hep | <Bsck | Next> | Finishos | Cancel |/
4

Figure 7-22. Populated values

Note that SQL Server automatically pulled in the values for those columns, so it knows what the data
types and formats are.

Notice that yellow warning on the bottom? Click the Columns tab in the upper left and then click the
General tab again. Figure 7-23 shows what happened when I did this.
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B soL Server Import and Export Wizard

Choose a Data Source ~
Select the source from which to copy data. N l {
“§
Data source: |£; Flat File Source ;]
Select a file and specify the file properties and the file format.
o ,  Filename: [c"\Weather_Sample
A u X SWe ! csv Browse...
B Eraon Locale: |Engiish (United States) ~| T Unicode
Code page: [1252 (ANSI - Latin 1) =
Format: IDelm ited ;l
Text Mlﬁa’ . I(none)
Header row delimiter: {CR}{LF} ;I
Header rows to skip: Iu ::'

¥ Column names in the first data row

Help <Back [ Next> | Fins Cancel |

4

Figure 7-23. The disappearing warning

No big deal, doing this action just made that warning disappear because the columns were mapped
once the Columns section was selected. Everything else is the same, but I guess the interface needed to be
refreshed. At any rate, we are good to go with this screen, so click Next. Figure 7-24 shows what you will
see next.
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', SQL Server Import and Export Wizard

Choose a Data Source ~
Select the source from which to copy data. & [
4
Data source: 3 Flat File Source E|
w General Specify the characters that delimit the source file:
Columns Row delimiter: CRHLF
el i =]
8 Preview Column delimiter: [Comrna {} ;I
Preview rows 2-101:
Year | AdjustedMonth | AdiustedDay | AiportiD | Ac A
2013 9 1 14843 0
2013 9 1 14843 1
2013 9 1 14843 .
2013 9 1 14843 3
2013 9 1 14843 4
2013 9 1 14843 5
2013 9 1 14843 6
2013 9 1 14843 F
2013 9 1 14843 8
2013 9 1 14843 8 )
< >
e | F?".-—" £ |
Help <Back [ Next> | Finish> Cancel |
Y

Figure 7-24. Character delimiter section

This section allows you to choose a delimiter for the file, if needed. We don’t need one since the default
works just fine, so just click Next.
We now come to the screen where we can choose our destination file, shown in Figure 7-25.
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B soL Server Import and Export Wizard

Choose a Destination
Specify where to copy data to.

Destination: {1 Net Framework Data Provider for Odbc
24l |E

v Data
ConnectionString
' v Named ConnectionString
| Dsn
v Source
Driver

| Driver
| The name of the ODBC Driver to use when connecting to the Data Source.

Help <pack [ Next> Finish>> |  Cancel |

Figure 7-25. Destination location

We want to change the Destination to SQL Server Native Client 11.0 here. The reason for this is

because we aren’t connecting over the other destination types (.Net and OLE DB). This is the native client.
Make this change. You should see what is shown in Figure 7-26.
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B sOL Server Import and Export Wizard

Choose a Destination
Specify where to copy data to. N &
L]
Desiraion F SalseverdomveCienio
Server name: [BRADLAPTOP\SQL2016RS |
—Authentication

* Use Windows Authentication
" Use SQL Server Authentication

User name: |

Password: I

Datzbase: SQL2016RS | Refresh |

Figure 7-26. Updated Destination

We want to keep these default values, so click Next at this screen. You see the source and destination
information shown in Figure 7-27.
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B soL Server Import and Export Wizard = || X
Select Source Tables and Views
Choose one or more tables and views to copy. ¢
Rl
Tables and views:
/| Source: | Destination: BRADLAPTOP\SQL2016RS |
v 5 C\Weather_Sample.csv & [dbo][Weather_Sample]
Edit Mappings... | Preview... I
Help <Back |[ Next> Fiish>> | Cancel |
4

Figure 7-27. Source and Destination information

This basically says that we take the data represented in the Source column on the left and put it into the
destination on the right.

The source points to the Weather_Sample.csv file we originally downloaded.

The destination points to our database named instance. A table is specified by [dbo] . [Weather Sample].

Click Next to see the Save and Run options shown in Figure 7-28.
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B saLserver Import and Export Wizard

Save and Run Package .
Indicate whether to save the SSIS package. 4 ]

¥ Runimmediately
[~ Save SSIS Package
[ SQL Server
" File system

Package protection level:

IEncryp‘l sensitive data with user key ;]

Password: |

Retype password: |

Help <Back [ Next> | Finish > Cancel |

4

Figure 7-28. Save and Run

When you see this, just click Finish. You're then shown a screen that gives a quick recap of what we're
going to do, as shown in Figure 7-29. Go ahead and click Finish here, too.
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B sOL Server Import and Export Wizard

Complete the Wizard
Verify the choices made in the wizard and click Finish.

[Click Finish to perform the following actions:

Destination Location : BRADLAPTOP\SQL2016RS
Destination Provider : SQLNCLIT1

»  Copy rows from C:\Weather_Sample csv to [dbo] [Weather_Sample]
The new target table will be created.

*  The package will not be saved.
*  The package will be run immediately.

Provider mapping file : C:\Program Files {x86)\Microsoft SQL Server'\130\DTS\MappingFiles\SSIS10ToMSSQL. XML

Help <Back Nexi>  |[ Finish | Cancel |

4

Figure 7-29. Complete the Wizard

The installation runs for a few seconds, but eventually, you will see what is shown in Figure 7-30.
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', SQL Server Import and Export Wizard —_— O X
The execution was successful v
a4
11 Total 0 Error

@ Success 11 Success 0 Warning

Details:

@ Initializing Data Flow Task Success

@ Initislizing Connections Success

@ Setting SQL Command Success

@ Setting Source Connection Success

& Setting Destination Connection Success

@ Validating Success

@ Prepare for Execute Success

(i) Pre-execute Success

@ Bxecuting Success

(D Copying to [dbo].[Weather_Sample] Success 113332 rows transfemed

(i) Postexecute Success

Figure 7-30. Import was successful

|__swn o

Close

Go ahead and click Close. We've now got that external data brought in to SQL Server as internal data.
Don’t worry, we're not off track yet. We will generate that binary data very soon, but we have to take care of
the leg work first.

Recall that we were getting the Average Wind Speed by Airport ID earlier. In SQL, now that we have that

data in the database, the query looks like this:

SELECT AirportID, AVG(CONVERT(float, WindSpeed)) as WindSpeed
FROM [Weather Sample]

GROUP
ORDER

BY AirportID
BY AirportID

Type that into a new query window and press F5 to execute the code. You should see what is shown in
Figure 7-31.
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SQLQueny3sal - BR. sredey seara o+ < I
1 [ESELECT AirportID, AVG(CONVERT(float, WindSpeed)) as WindSpeed +
2 | FROM [Weather_Sample] -
GROUP BY AirportID
ORDER BY AirportID
100% =
[ Results [{y Messages
AmotlD  WindSpeed -
1 {10180 | 753426751592357
2 10299 670813291215403
3 10397 6.55440097799511
4 10423 5.99198289684661
5 10529 5.3772915434654
& 10693 4.68653215147938
7 10713 6.99309478570496
8 10721 8.71336335960304
9 10800 4.19309462915601
10 10821 5.09571938168847
1 11042 8.45972175848637 -
@ Query executed successfully. BRADLAPTOP\SQL2016RS (13.0... BradLaptop\Bradley Bea... SQL2016RS ' 00:00:00 ' 66 rows

Figure 7-31. Query execution

Excellent! This shows us that we have the data in the correct table and that we can query it normally.
That is going to be absolutely vital to generating the chart data shortly.

Generating the Binary Data

Next, we want to figure out the stored procedure syntax that we need to use to get the binary data of the chart
we need to produce. Borrowing heavily from the previous work we did with creating the charts earlier, we
can deduce that it is probably similar to the following.

EXEC sp_execute_external script

@language = N'R',

@script = N'

library("ggplot2");

img <- inputDataSet;

image_file = tempfile();

png(filename = image file, width=800, height=600);
print(ggplot(img, aes(x = AirportID, y = WindSpeed)) +
labs(x = "Airport ID", y = "Wind Speed") +
theme(axis.text.x = element_text(angle=90, hjust=1, vjust=0)) +
geom_point(stat = "identity") +

geom smooth(method = "loess", aes(group = 1)) +

175



CHAPTER 7 © REPORT BUILDER INSTALLATION AND DATA PREPARATION

geom_text(aes(label = AirportID), size = 3, vjust = 1.0) +

geom_text(aes(label = round(WindSpeed, digits = 2)), size = 3, vjust = 2.0));
dev.off();

OutputDataset <- data.frame(data=readBin(file(image file,"rb"),what=raw(),n=1e6));",
@input_data_1 = N'SELECT AirportID, AVG(CONVERT(float, WindSpeed)) as WindSpeed FROM
[Weather Sample] GROUP BY AirportID ORDER BY AirportID;',

@input_data_1 name = N'inputDataSet',

@output_data_1 name = N'OutputDataset’

WITH RESULT SETS ((plot varbinary(max)));

Note We are generating a PNG image here, not a JPG. This will be important to remember once we
dynamically generate these charts using Report Builder.

Entering this into a new query window and executing it gives me a binary data result. Figure 7-32 shows
what you should see in SSMS at this point.

SQLQuery10.sql - B...Bradley Beard (58))" + x [olloloy x0T s 0T TEL) SQLQuery4.5ql - BR...Bradley Beard (60))*
2 FIEXEC sp_execute_external_script
3 |@language = N'R',
4 |@script = N’
library("ggplot2”);
img <- inputDataSet;
image_file = tempfile();
png(filename = image_file, width=88@, height=60@);
print(ggplot(img, aes(x = AirportID, y = Temperature)) +
labs(x = "Airport ID", y = “"Temperature”) +
theme (axis.text.x = element_text(angle=9@, hjust=1, vjust=a)) +
12 |geom point(stat = “identity") +
geom_smooth(method = “loess™, aes(group = 1)) +
geom_text(aes(label = AirportID), size = 3, vjust = 1.9) +
15 geom_text(aes(label = round(Temperature, digits = 2)), size = 3, vjust = 2.8));
dev.off();
17 OutputDataset <- data.frame({data=readBin(file(image_file,"rb"),what=raw(),n=1e6));",
18 |@input_data_1 = N'SELECT AirportID, AVG(CONVERT(float, DryBulbFarenheit)) as Temperature FROM [Weather_Sample
@input_data_1_name = N'inputDataSet’,
@output_data_1_name = N'OutputDataset’
WITH RESULT SETS ((plot varbinary(max))); -

e

la Query executed successfully. BRADLAPTOP\SQL2016RS (13.0... BradlLaptop\Bradley Bea... SQL2016RS 00:00:02 1rows

Figure 7-32. Binary data
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Recall that we created a table to store our charts in. We are now going to insert this binary data into the
table within the stored procedure by using the following code.

Now, we just need to rewrite the stored procedure to automatically insert the data. Any idea how to do
this? That's right, we’re going to use INSERT INTO ... EXEC.

So how do we build the query? It’s actually very easy. I'm sure some of you already know how this is
done, but for those of us that don't, it’s looks like this:

INSERT INTO chartBinary (binData)

EXEC sp_execute_external script

@language = N'R',

@script = N'

library("ggplot2");

img <- inputDataSet;

image file = tempfile();

png(filename = image file, width=800, height=600);

print(ggplot(img, aes(x = AirportID, y = WindSpeed)) +

labs(x = "Airport ID", y = "Wind Speed") +

theme(axis.text.x = element text(angle=90, hjust=1, vjust=0)) +
geom_point(stat = "identity") +

geom_smooth(method = "loess", aes(group = 1)) +

geom_text(aes(label = AirportID), size = 3, vjust = 1.0) +
geom_text(aes(label = round(WindSpeed, digits = 2)), size = 3, vjust = 2.0));
dev.off();

OutputDataset <- data.frame(data=readBin(file(image file,"rb"),what=raw(),n=1e6));",
@input_data_1 = N'SELECT AirportID, AVG(CONVERT(float, WindSpeed)) as WindSpeed FROM
[Weather Sample] GROUP BY AirportID ORDER BY AirportID;',

@input_data_1 name = N'inputDataSet',

@output_data_1 name = N'OutputDataset';

That updated our binData column, but left our title column without a value. Since this is the first
record in the table, the UID is set to 1; so make sure that your WHERE clause is set to specify that. To update the
title value for this chart, run this UPDATE query after you run that first query.

UPDATE chartBinary
SET title = 'Average Wind Speed by Airport ID'
WHERE uid = 1
That should do it. To verify, run the following query to view your data.

SELECT title, binData FROM [dbo].[chartBinary] ORDER BY uid

The results should be what you see in Figure 7-33.
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SQLQuery6.5ql - BR...Bradley Beard (51)) + > [EolNoln Vet I M- 1ot o T N )
SELECT titfle, binData FROM [dbo].[chartBinary] ORDER BY uid; &

binData
| (xB9504E470D0A1ADADO00000D4348445200000320000002

@ Query executed successfully. BRADLAPTOP\SQL2016RS (13.0... Bradlaptop\Bradley Bea... SQL2016RS 00:00:00 1 rows

Figure 7-33. Query results

Next, we need to build the query for the other report, but this is actually quite easy since we've already
done the hard work for it. The following code is what you need for this action.

INSERT INTO chartBinary (binData)

EXEC sp_execute_external script

@language = N'R',

@script = N'

library("ggplot2");

img <- inputDataSet;

image file = tempfile();

png(filename = image file, width=800, height=600);

print(ggplot(img, aes(x = AirportID, y = Temperature)) +

labs(x = "Airport ID", y = "Temperature") +

theme(axis.text.x = element_text(angle=90, hjust=1, vjust=0)) +
geom_point(stat = "identity") +

geom_smooth(method = "loess", aes(group = 1)) +

geom_text(aes(label = AirportID), size = 3, vjust = 1.0) +

geom_text(aes(label = round(Temperature, digits = 2)), size = 3, vjust = 2.0));
dev.off();

OutputDataset <- data.frame(data=readBin(file(image file,"rb"),what=raw(),n=1e6));",
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@input_data 1 = N'SELECT AirportID, AVG(CONVERT(float, DryBulbFarenheit)) as Temperature
FROM [Weather Sample] GROUP BY AirportID ORDER BY AirportID;',

@input_data_1 name = N'inputDataSet',

@output_data_1_name = N'OutputDataset’;

And once again, to set the title column:
UPDATE chartBinary

SET title = 'Average Temperature by Airport ID'
WHERE uid = 2

Run those two code blocks, and then run the following query to check and make sure that everything
was inserted correctly.

SELECT title, binData FROM [dbo].[chartBinary] ORDER BY uid

At this point, you should see what is shown in Figure 7-34.

SQlQuenesal - BR.Bradey Beara 61 = < IR

dev.ottT(); &
17 |OutputDataset <- data.frame(data=readBin(file(image_file,"rb"),what=raw(),n=1e6));", T
18 |@input_data_1 = N'SELECT AirportID, AVG(CONVERT(flocat, DryBulbFarenheit)) as Temperature FROM [Weather_Sample
19 | @input_data_1_name = N'inputDataSet’,

@output_data_1_name = N'OutputDataset’;
22 [FIUPDATE chartBinary

SET title ‘Average Temperature by Airport ID'
WHERE uid 23

26 | SELECT title, binData FROM [dbo].[chartBinary] ORDER BY uid; ‘1
100% =~ 4 4
= Resuts |y Messages

title binData

1 | Average Wind Speed by Aiport ID | (x89504E470D0A1A0AD000000D4548445200000320000002...
2 Average Temperature by Aiport ID (83504E470D0A1ADADDO0000D 4348445200000320000002...

a Query executed successfully. BRADLAPTOP\SQL2016RS (13.0 ... BradLaptop\Bradley Bea.. SQL2016RS 00:00:00 2 rows

Figure 7-34. Query results
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There we go! Two results, just like we wanted. Now that this data is loaded into the table correctly, we
can start building our reports to be delivered to the customer. Don'’t forget to verify our progress with what
we have in the software requirements document periodically.

Summary

Let’s review what we did in this chapter, because it was actually quite a lot.
e Downloaded and installed Report Builder
e Loaded our weather data into SQL Server
e  Generated charts as binary based on this weather data

That doesn’t seem like a lot, but it is. Be sure that you have gone through this chapter very carefully,
because you aren’t going to get very far in the next chapter without that binary data.

Next, we tie this all together into the actual reports to be delivered to the customer. If you made it
through this chapter without a headache, you are probably doing it wrong. Seriously, there was an awful
lot of information to digest. I highly recommend going back and re-reading the steps that generated the
binary data in SQL Server. The individual attributes of the ggplot2 function, in particular, are actually really
fun to play around with. You can customize your charts just about any way you can dream of. There is even

information on the Internet about how to create your own R packages for private use or general distribution.

We're almost done now! Keep going—we will get this wrapped up shortly. If you've made it this far, I
congratulate you and encourage you to go for just a bit longer. I promise that it will be worth it!
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CHAPTER 8

Building Reports Using Report
Builder

Up until now, we’ve dealt with an awful lot of information in this book. We've performed a new installation
of SQL Server R Services, installed R Tools for Visual Studio, configured Reporting Services, and installed
and configured Report Builder. We learned quite a bit about R and how it works and we generally got a lot of
experience with writing code in general. If you have gotten this far, nice work! This is really sort of advanced
stuff, since it’s basically brand-new functionality. It’s pretty safe to assume that R will continue to be offered
as part of SQL Server for future releases, so it’s best to go ahead and get acquainted with it now instead of
having to deal with the learning curve later.

In this chapter, we create a report using the binary data we created in Chapter 7. This binary data is
going to be converted into images dynamically. That sounds pretty complicated, but luckily, Report Builder
makes it actually pretty easy for us.

Here’s what we're doing in this chapter:

e  Build the Average Wind Speed by Airport ID report.
e  Build the Average Temperature by Airport ID report.

We're only going to do two things? That’s correct. This chapter is sort of quick compared to the other
chapters, which are a lot more in-depth. Consequently, this chapter is much shorter than the others, but
hopefully you can still find this information useful.

Report 1: Average Wind Speed by Airport ID

Recall that the software requirements document specifically called out two reports that the customer wanted
delivered. The first of these reports was the average wind speed by airport ID report. This particular report
is important to the customer, so we are going to put a little time into setting it up, and then use that same
format to create our second report. Keep in mind that, once the first report is written, it really is much faster
to create any subsequent reports because we already have a general idea of how it is done. All we really
need to do from that point is apply any specific formatting to the report, disregarding the image itself since
that is generated from the database using pre-compiled binary data.

First of all, start up Report Builder and run it as Administrator. The initial interface is shown in
Figure 8-1.
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Figure 8-1. Report Builder initial interface
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Recall that we have already stepped through the features of this interface, so let’s just get right into it.

Setting up the Report Layout

Click Blank Report at the bottom of the Getting Started screen. The layover window should disappear, so
that you are left with what is shown in Figure 8-2.

Buitan Fields
Parameter
Images
Data Sources
Datasets

Click to add title

Author
Descripton

v Localization
DescrptontooD
Language

v Other
AutoRefresh o
ContumeContain False
CustomPropertse:

References.
Asvember

Figure 8-2. Blank Report
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Click inside of the box labeled Click to add title and type Average Wind Speed by Airport ID. And then
stretch the box to the height and width of the text. After that, center the text using the controls at the top of
the screen. Figure 8-3 shows what your report should now look like.

X SegoeUllght ~||8 ~| T o o JEGE (1t ~|Ja- [Defatt
BJIU A-AN EERSIE —-g-0- B 5%

prE——— ;
ot } Average Wind Speed by Airport ID

~  Data Ondy
Dataliementhism
DataElementCuty Auto
Datablementitte auto

ra

BaskgrounaCobau[_] Mo Color
+ Backproundinag

Font

Calor W e

» Ford Segoe UL Light, Tigt,
LineHeight
General
[&ExecutionTime] CanGrow ot
Canshnnk Fare
Hame ReportTitie
Toollip
Interactive Sort
Usersert
Lists
Listleves o
ListStyle Mone
Localizabcn

Calenda

Figure 8-3. General formatting of Title

Next, we want to just do some really basic formatting for the body, so right-click anywhere in the middle
part of the report and choose Body Properties. The location of this option is shown in Figure 8-4.

Buift-in Fields
Patameten
Images

Diata Sources
Datasets

¥ Border
»  BorderColor Back
Borderstyte Hane
»  Borderwidth Tt
e
BadkgrounaCebou[_] Mo Calor
+ Backgroundinag
Position

Sin, 2.2%in

» Sie

[ScExecud

Figure 8-4. Option location
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Selecting that option opens another screen, shown in Figure 8-5.

Report Body Properties X

Fill
: Change background color and image options.
Border

Fill color:

[ no Color - K

Background image
Select the image source:
External et
Use this image:
| "| _.ﬁr Browse... |

Figure 8-5. Report Body Properties

Now, we don’t want to have a fill color except for plain white, but if you want to get adventurous, go
right ahead. We also don’t want a background image, so leave that blank for now. Like I said, if you want to
change that, go right ahead. It’s your report!

Click the Border option on the left; you should see what’s shown in Figure 8-6.
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Report Body Properties X

Fill
: Change border color, style, and width options.

Border
Style: Presets
|Solid v|| & D
Width:
1pt B £ None Qutline
Color:
Bl ciack ~| [ £ Preview

Preview

The selected border style can be applied by clicking the presets, preview
diagram or the buttons above.

Help Cancel

Figure 8-6. Border properties

Just click the Outline option in the top-right corner and then click OK. That screen closes. You can’t
really see a border on the page, but it’s there. You will see it when you preview the report.

Data Configuration

Now we need to set up our data source and our dataset. Isn’t that sort of the same thing? In this context, a
data source (connection to the data in the database) feeds a dataset (a query to the data source), much like a
lot of other examples dealing with these concepts.

You can’t have a dataset without a data source and a data source is useless without a dataset.

First, we have to set up the data source. To do this, right-click the Data Sources option on the left of the
screen and select Add Data Source.... Figure 8-7 shows the location of this menu option.
A screen appears, as shown in Figure 8-8.
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Figure 8-7. Menu option

Update that screen to what is shown in Figure 8-9.

Data Source Properties X

General = -
Change name, type, and connection options.
Credentials
Name:

DataSourcel

@ Use a shared connection or report model
O Use a connection embedded in my report

Browse... Test Connection

I:l Use single transaction when processing the queries

Figure 8-8. Data Source Properties
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We need to configure that connection string, so click the Build... button; you should see what is shown

Data Source Properties X

General 5 :
Change name, type, and connection options.
Credentials
MName:
[avgws_Dsn |

O Use a shared connection or report model
@ Use a connection embedded in my report

Select connection type:
Microsoft SQL Server v

Connection string:

Click here to type or paste a connection string Build...

Test Connection

[] Use single transaction when processing the queries

Help . Cancel

Figure 8-9. Updated values

in Figure 8-10.
Update that screen to what is shown in Figure 8-11.
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Connection Properties ? X
Data source:

|Microsoft SQL Server (SqiClient) ‘ Change...
Server name:

[ v| | Refresh

Log on to the server

(®) Use Windows Authentication
(O Use SQL Server Authentication

Save my password

Connect to a database

Select or enter a database name:

Attach a database file:

Browse...
Logical nam
Advanced...
Test Connection | oK Cancel

Figure 8-10. Connection Properties

Obviously, you want to keep in mind that your settings are probably different than mine.
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Connection Properties ? X
Data source:

|Mi(mmft SQL Server (SqiClient) | Change...
Server name:

|BRADLAPTOP\SQL2016RS v|| Refresh

Log on to the server
(®) Use Windows Authentication
() Use SQL Server Authentication
User name:
Password:
Save my password
Connect to a database

(®) Select or enter a database name:

QL2016RS v
() Attach a database file:

Browse...

L Ad_!a nced.., |

Test Connection | Cancel

Figure 8-11. Updated values

Once you get here, you can click the Test Connection button to verify that you're talking to the
database. Figure 8-12 shows the result of clicking this button.

Test results X
o Test connection succeeded.

Figure 8-12. Test connection succeeded

Click OK here and then click OK again to save the Connection information. Figure 8-13 shows what you
should see now.
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Data Source Properties X

General z >
Change name, type, and connection options.
Credentials

Name:

|Avgws_osn |

O Use a shared connection or report model
@ Use a connection embedded in my report

Select connection type:
Microsoft SQL Server v

Connection string:

Data Source=BRADLAPTOP\\SQL2016RS;Initial Catalog=ReportServer

SSQL2016RS
F

Test Connection

I:l Use single transaction when processing the queries

Help OK Cancel

Figure 8-13. Updated values

So there’s our connection string value all done. Again, you can click the Test Connection button here to
verify connectivity, but I think we’re pretty much good for this area. Click OK to close this window.
Notice that Figure 8-14 shows that we now have a data source available.
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Figure 8-14. Data Source updated
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Next, we need to add our dataset. To do this, right-click the Datasets option on the left and select Add
Dataset..., as shown in Figure 8-15.
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» BorderColor Bk

Images
Data Sources S ey
ALOo » BordewWidth  pt
Add Dataset. L
T — BackgroundCob[ ] Mo Calor

Backgroundinag
Position
» Size

in, 7750

[SExecutionTime]

Figure 8-15. Add Dataset

This opens the interface shown in Figure 8-16.
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Dataset Properties X

Query
Choose a data source and create a query.
Fields
Options HName:
Filters {D‘“‘SE" ]
Parameters @®) Use a shared dataset.

O Use a dataset embedded in my report.

| Browse.. | | Refresh Fields |

| Hep | [ox ] conces |

Figure 8-16. Dataset Properties

Update that interface to match what is shown in Figure 8-17.
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Query
Choose a data source and create a query.
Fields

Options Name:

Filters |.MQW‘S_DS

Parameters O Use a shared dataset.

@ Use a dataset embedded in my report.

Data source:

AvgWS_DSN

Query type:
® Text
Query:

Table () Stored Procedure

New...

SELECT title, binData
FROM [dbo].[chartBinary]
WHERE uid = 1

Time out (in seconds):
0 el

Help

Figure 8-17. Dataset Properties updated

The query I wrote to get the data for this report is:
SELECT title, binData
FROM [dbo].[chartBinary]
WHERE uid = 1

Super simple, yet effective.

Query Designer... .

Import...

Refresh Fields

Cancel

The options on the left don’t really apply to this section, but you can play with those later. Click OK to
set up the dataset. You should be returned to the blank report screen shown in Figure 8-18.
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Buit-in Fields

Images
Data Sowrces
AvgWs DSN
Datasets
= O] AwgWs_ DS
] vale
5] binData

[&ExecutionTime]

Figure 8-18. Main screen

P E Average Wind Speed by Airport ID

¥ Border

»  BorderColor

> Borderstyle

»  BorderWidgth
e
BaskgrounaCobau[ ] Mo Calor

» Backgroundimag
Position

Notice that there are now entries under the Data Sources and Datasets folders, respectively.
Let’s change that title text to the title we entered in our query. Go ahead and delete the title that you
entered earlier (Average Wind Speed by Airport ID). Just highlight the text and then press Delete. You should
see what is shown in Figure 8-19.

m¢ Rectangle | Subreport  Meader Footer

Buiftan Fields

Putametert

Images -

Dats Sources
AwgWS DS

Datasets

= [T dwgws 05

] ttle

5] bnDats

Click to add title

[SExecutionTime]

Figure 8-19. Deleted initial title value
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Next, click and drag the title value under the AvgWS_DS option on the left to inside the title box on the
main screen. Figure 8-20 shows what you should see now.

Built-in Fields

—— [title]l il
S e
AvgWs_DSN » indent
. AvgWs_D3 SpaceBetore

ESEET
B binData

Teatangn Center

Font

Calor | B

» Fort Segoe Ul Light, Tept.
Linebieight

General

[ExecutionTime) S

Lists

ListLevel o

Listsaye Mone

Localization

Calendu Detauit

Language

Humerailanguag

Numershiwiant 1

akurlodD
Mumber

Figure 8-20. Title addition

That’s perfect! So now, when the report is run, the value of the title is displayed.

Adding the Dynamic Image

Next, we need to add our image. Right-click anywhere in the body and hover the Insert... selection until a
submenu appears. This submenu contains an Image option. Figure 8-21 shows the location of this menu
option.

195



CHAPTER 8 * BUILDING REPORTS USING REPORT BUILDER

Buift-an Fields

Fatameters [t'tle] Author
[
e Deseription
Data Sources
AvgWs, SN r
vt L
ety
— DescrpbontoaD
. M:Ii_ﬂi Language
] »w
£e] bnData AutoRefresh @

ContumeContain Falve
CustomPropertse:
InituiFageName
Page
BackirounaCoto [ ] Autematic
Backgroundimag
BarderCalor Black
> Borderstbe  Hone
> BardenWidth gt

Calumni

Indert

View

Sebect All Matrin
Fectangle
uint
Image
Subreport

5| Body Properties..

» intetactweSize  .Sin, 11in

Cnart » Marging tin, tin, Tin, Tin
S 3 Pagesaze A5in, 1lin
Retesences

Mag
Data Bas
Spariine
Indicator

astembie ~

[ Page Header

Figure 8-21. Image option

Consequently, you could also click the Insert menu option at the top of the window and then click the
Image option. However is more comfortable for you is fine, since they both accomplish the same task.
Once you have selected to put an image on the report, an interface appears, as shown in Figure 8-22.
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Image Properties X

General
Size
Visibility
Action

Border

Help

Change name, image, and tooltip options.

Name:

| Image1

ToolTip:

Select the image source:
'Embedded v|

Use this image:

Figure 8-22. Image Properties

_' Import... '

Cancel

BUILDING REPORTS USING REPORT BUILDER

We need to update these values to match what is shown in Figure 8-23. Notice that I only updated the
Name, ToolTip, and image source fields.
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Image Properties X

General . i i
Change name, image, and tooltip options.
Size
Visibility Name:
Action |A\reragews |
Border ToolTip:

|Average Wind Speed by Airport ID | A

Select the image source:

Database et

Use this field:

| v] [&
Use this MIME type:

| v| [&

Help Cancel

Figure 8-23. Updated Image Properties screen

Pull down the Use this field menu option and select the value =First(Fields!binData.Value, "AvgWS§ _
DS"). Itis easy to select the wrong value, so be sure you're choosing the binData.value option.

For MIME type, we want to choose image/png.

The finished product is shown in Figure 8-24.
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General R ) R
Change name, image, and tooltip options.
Size
Visibility Name:
Action |Averagews |
Border ToolTip:
|Averaue Wind Speed by Airport ID | 3
Select the image source:
Database v|
Use this field:
|=First(Fields!binData.Value, “AvgWs_DS’) v| [ &]
Use this MIME type:
P ) [®
[ox ]| concer

Figure 8-24. Updated values

Next, click the Size option on the left. Figure 8-25 shows this interface.
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Image Properties X

General i N . .
Change the display size and padding options.
Size
Visibility Display:
Action O original size
Resize item to accommodate the image
Border

O Fitto size
Resize image to fit inside the item

(® Fit proportional
Resize image to fit inside the item while maintaining the

aspect ratio
O cip
Clip image to fit inside the item
Padding options
Left: Right:
Opt Sr S Opt = L&
Top: Bottom:
i Tk wom = L&)

Figure 8-25. Size options

Choose the Fit to size option here. That keeps the image inside the printable area. Click OK. You should
see something very similar to what is shown in Figure 8-26.
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Bui.in Fields 5
e [title] —
::"s‘ Sowrce Database
a Sources
Toolip Average Wind Speed
AvgWs_DSH Vatue = FirstiFieicy! binDats.
Datasets
, WIWT'D‘ LabellaaD
o] pa
o ik TooMipledD
] s :

Bookmark
CustomPropertse:
Documentitapla

[xExecutionTime] s

Position

» Leaation .5237Sin, 0.14475in
> Sue aSin, 0.5in
Published Report Part
ComponentDein

HideUpdateNatit Falie

Figure 8-26. Main screen, updated

At this point, we only see the image placeholder, since the image is generated dynamically from the
database. Once the report is run, the image is shown, as you would expect.

Before we move on, just grab the image on the screen and manually align it to the left of the screen
inside the white space. Figure 8-27 shows the result of this action.

Buit-an Faeigy
Patameteds
Images
Data Sources

AvgWs_DSH
Datasets
= [ AwgWs DS
S
5] binData

BorderColor  Black
> BorderStybe  Sokd
» BorderWidth Tpt
e
Backgrounali[] Ne Coloe
» Backgroundis
Position
¥ Size fin, 2250

[&ExecutionTime]

Figure 8-27. Image left-aligned
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Report Body Properties

Recall that the image we created was 800x600, so let’s update the style of the report. Right-click the gray area
and choose Report Properties... from the menu. Figure 8-28 shows this action.

Buiftan Faehdi

:’numlﬁ! > [t]tle] Descnptionta -
mages -
z Langus
Data Sourtes 0::’ =
Mnnkws,nsu AutoRefresh O
.u_m:v‘m ConiumeCont False
:ﬂm_ Aad Page Header CustomProper
SE
—teoill Remove Page

Page

BackiprounaCi[ ] Autmatic
> Backgroundis

» BorderColor  Black
BarderStyie  Mone

| Report Propertier...

pbmenticnlion] Bardewiaen gt

Columns

» InteractaveSize 8.5in, 1in
Margini in, Bin, Tin, Tin
s PageSze  B%in, Vlin
Reterences
Adpembe
Chastes
Variables
Defervariabiel False

Vasiables

Figure 8-28. Report Properties location

This opens up the interface shown in Figure 8-29.
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Report Properties X

Page Setup = = =
Change page units, size, and margins for the report.
Code
References Page units:
Variables @ Inches () Centimeters
Paper size
Orientation:

B] (=

Portrait Landscape

Paper size: Width: Height:
ILetter v| [gsin =1 [1in &
Margins
Left: Right:
lin = Tin =
Top: Bottom:
Tin 5 1in =

Help Cancel

Figure 8-29. Report Properties

All that we need to do is change the Orientation value to Landscape and then click OK. We need to
check the size of the page to adjust the image. A little experimenting shows that we want to be right around
9x5 for the stage dimensions (just click and drag them to that size) and the Figure 8-30 shows what this
should look like.

Buit-in Faeigy - =
Pasnite : [title]
images :

Data Sowrces

AvgW3_DSN
Datasets
= [ awgws 05
] vt
5] binData

Figure 8-30. Stage resizing
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I colored my footer blue with white text, but you can do whatever you want as far as styling to make this
report your own.

Running the Report

Go ahead and click the Run button in the top-left corner. Get ready for a big surprise. Figure 8-31 shows
what you should see after this happens.
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e i 1y

Airport 1B

Figure 8-31. Completed Report

Not bad! Now click the Print Layout button in the menu bar. Figure 8-32 shows this result.
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Figure 8-32. Print Layout view

There it is, nicely laid out for us on one page, with our rendering time displayed in the blue footer.
Click the Design button in the top-left corner and then click Ctrl+S to save the report. The default
location and values are shown in Figure 8-33.

Save As Report X

Lookin: [I;*.Zhtto:maradlautoofReponSemr_sqmmns v| 2

S

Recent Sites
and Servers

Desktop

!

My Documents

My Computer

Name: [untitied.rdl

-l

Items of type: |Reports (*.rdl) ~

Figure 8-33. Default report location
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We can see that the default location is on our report server, so that’s perfect. Update the Name of the file
to AverageWSbyID.rdl, as shown in Figure 8-34.

Save As Report X

Look in: |:g' http://bradlaptop/ReportServer_SQL2015RS v

Recent Sites
and Servers

Desktop

)

| My Documents

| My Computer

Mame: AverageWsbyID.rd| Save

Items of type: | Reports (=.rd) b Cancel

Figure 8-34. Updated name information

Press the Save button here to save the report.
This report is now saved to the report server. We will view it right after we get the other report going.

Report 2: Average Temperature by Airport ID

Watch how easy it is to create the second report. I hope that you are starting to see the flexibility that this
technology gives you!

Press Ctrl+N to open a new report (be sure to save the old one). You are immediately shown a blank
report, just like before. You can also go to the File menu and choose New... to choose a different type.

We need to essentially follow the exact same instructions as before, except this time, when we create the
dataset, we need to change the WHERE clause to show where the UID is equal to 2 instead of 1. I am going to
leave making that change as an exercise for you to complete on your own. It’s a trivial change to make.

When you are done setting it up, your screen should look similar to Figure 8-35.
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Paragraph

Fage

[ astematic
> Black

> Mone

S

o in, RS0
> tim, tin, tin, Yin
» fin BSin

Figure 8-35. Average Temp report layout

And your report should be very similar to what is shown in Figure 8-36.

Figure 8-36. Second report

Excellent work! Be sure to save that report as AvgTempByID.rdl.
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Summary

T hope you learned a lot in this chapter. I encourage you to continue your journey as data scientists by
learning as much as you possibly can about R and business intelligence as you can. This is guaranteed to be
avery lucrative career field in the future and I am very excited to be a part of it.

If any part of this chapter didn’t make sense, as I have said in previous chapters, please be sure to go
back and redo the examples.

Chapter 9 shows you how to access these reports from the Report Server. It is going to be a fun chapter,
not only because it’s the last chapter, but because it’s the culmination of our work in this book.
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CHAPTER 9

Viewing the Reports in Report
Server

Now that we have built the required reports in Report Builder, we can view them through the report server
web portal. Later in this chapter, we get into other aspects of Report Server, but for now, let’s take a look at
our reports.

Viewing Reports

Recall back in Chapter 6 when we set up the report server, we specified the URL as http://bradlaptop:80/
Reports_SOL2016RS. Type your web portal address into your browser and click Enter. You should see
something similar to what is shown in Figure 9-1.

SQL Server Reporting Services &

* Favorites [ Browse [ Manage folder  +MNew~ T Upload 7 View v

{D Home

PAGINATED REPORTS

@ Aver

@ AvgTempBylD

Figure 9-1. Web portal

Clicking the AverageWSbyID report on the left shows what you see in Figure 9-2.
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Figure 9-2. Generated report

The same happens when you click the AvgTempByID link on the home page. Figure 9-3 shows this.

SQL Server Reporting Services e 4 7?7 bradleyBeard

% Favorites [} Browse

AvgTempBylD
1 of 1 r O ¢ 100% =

=B (= Find | Mext

Average Temperature by Airport ID

Wiyt

Terpesstan

Figure 9-3. Generated report

So there you have it... a complete report using binary data to create images from original R code.
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Managing Reports

With this release of Report Server, as with previous versions, there is the capability to manage the
reports from the Report Server interface. Managing reports in Report Server requires that the user is an
administrator (which we are, or should be) and belongs to the Content Manager group. The following
security roles are available in Report Server:

e  Browser: This role can view folders and reports in specified folders, and it can
subscribe to reports. This role cannot create reports, though. This would be a regular
read-only user role.

e  Content Manager: This role manages the content in Report Server. This is the
administrator account for Report Server and can do anything within the confines of
Report Server.

e My Reports: This role can publish reports and manage user folders they are
specifically designated to access. This would be a regular read/write “power user”
account type.

e  Publisher: This role can only publish reports and linked reports to Report Server.
This would be a write-only user role.

¢ Report Builder: This role can manage and view the report definitions and attributes.
This would be a role reserved for specific users that need to configure the reports, but
don’t need to be full administrators (in the Content Manager role).

Keep in mind that the Content Manager role can do anything we need in this instance, so the principal
of least privilege is really overlooked here.
Click the ellipse, as shown in Figure 9-4. Select the Manage option from the pop-up menu.

SQL Server Reporting Services

AverageWSbyID

Changed by BradLaptop\Bradley Beard on 9/11/2016 10:09
E PM
Created by BradLaptop\Bradley Beard on 9/11/2016 10:09 PM

ps ¢ ADD TO FAVORITES MANAGE

@ AverageWSbylD @ AvgTempBylD

Figure 9-4. Manage menu

A page appears, as shown in Figure 9-5, which allows you to edit some of the properties of the report.
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SQL Server Reporting Services

% Favorites D Browse

@ Edit AverageWSbyID

AverageWsbylD
Properties & Edit in Report Builder L Download T Replace [JMove [i Delete @ Create linked report

Changed by BradLaptop\Bradley Beard on 9/11/2016 10:09 PM
Created by BradLaptop\Bradley Beard on 9/11/2016 10:09 PM
6 KB

Properties

Subscriptions Name

AverageWsbylD

Dependent items

Caching Description

History snapshots

SeCEty Hide in tile view
Advanced

Report timeout:

Figure 9-5. Properties

Properties

Notice that we are in the Properties section on the left-hand side. Across the top, there are the following
options: Edit in Report Builder, Download, Replace, Move, Delete, and Create linked report. Most of
these are self-explanatory, except for Create linked report. The Create linked report option allows you to
create a report that retains the layout and data source information of an existing report, but still allow for

the editing of the other parameters of the report, such as subscriptions and report parameters. Think of this
sort of like a template creator. You essentially create a template of one report and have an entirely new report
created from the basic skeleton of that report (data source and report layout), but then you can populate the
body of the skeleton with entirely different report information.

On this page, we can add a description to the report in the Description box shown in Figure 9-5. If you
were to scroll down, you would see there is another area titled Advanced. This area allows you to change the
report timeout period, but since this is a dynamically generated report, I am going to leave this alone. There
could be an instance where network traffic is keeping my report from being generated quickly. I don’t want
to cause the report to fail just because of that.

Data Sources

The next section, shown on the menu on the left, is Data Sources. This section allows us to update or change
our existing data sources. The keyword here is existing. We cannot create new data sources from Report
Server; they must be created in Report Builder first.

Figure 9-6 shows the top part of this screen, which has the data source information we specified back in Report
Builder. Notice that we have the option here to change anything, because we are in the Content Manager role.
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AvgWS_DSN

Connect to:

A shared data source
* A custom data source

Connection
Type

Microsoft SQL Server v

Connection string Learn more

Data Source=BRADLAPTOP\SQL2016RS:Initial Catalog=5SQL2016RS

Figure 9-6. Data source information

The lower part of this screen is shown in Figure 9-7. This section allows us to define or edit the
credentials necessary to connect to the data source. Clearly, this Credentials section already works as we
have it set up, or we wouldn’t have been able to see the reports we created in this Report Server interface.
Figure 9-7 shows our options here.

Credentials
Log into the data source

® As the user viewing the report

(@ Your organization must have specific security infrastructure in place for this option
to work.

Using the following credentials
By prompting the user viewing the report for credentials
Without any credentials

Test connection

Cancel

Figure 9-7. Credentials information
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Notice that we can choose from four different login types.

Note This option may change for your particular installation, depending on your individual requirements.

On the Credentials screen, we want to scroll to the bottom and click the Test Connection button.
Figure 9-8 shows what you should see at this point.

Couldn't connect

The report server couldn't connect to the data source using the information you
entered. Make sure you've entered the connection string and any credentials correctly.

1 rr ils v

g _

Figure 9-8. Test Connection unsuccessful

Additionally, an error message appears next to the Test Connection button, shown in Figure 9-9.

Test connection ® Couldn't connect

Figure 9-9. Error message

Next, we want to click the Using the following Credentials radio button and update the interface to what
is shown in Figure 9-10. Your information is more than likely different than the information shown in the figure.

®' Using the following credentials

Type of credentials

Windows user name and password v

User name

Bradley Beard

Password

Log in using these credentials, but then try to impersonate the user viewing the
report -

Figure 9-10. Credentials information, updated
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Notice that the check box shown on the screen is not checked; this is essential to creating subscriptions
in the next section. Once you have the information updated, click the Test Connection button at the bottom
of the screen. Figure 9-11 shows the result of this operation.

Test connection Connected successfully

Figure 9-11. Connection successful

The last thing we need to do is click the Save button, which updates the report.

Note At this point, you may want to run the report again and make sure that it still renders correctly.

Once the connection information is saved, it becomes immediately available to the users that have
subscribed to the report.

Subscriptions

Click the Subscriptions link in the left menu. An interface opens, as shown in Figure 9-12; it can be used to
create subscriptions to reports.

@ Edit AverageWSbyID

AverageWSbylD

Properties { New subscription

Edit Description Status Type Delivery Last run Result
Data sources

Subscriptions

Dependent items

Caching

History snapshots

Security

Figure 9-12. Subscriptions

Notice that there is a button labeled New subscription with a plus sign to the left of the text. Go ahead
and click the New subscription button. You should see what is shown in Figure 9-13.
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Description

Owner

BradlLaptop\Bradley Beard

Type of subscription

® Standard subscription

Generate and deliver one report
Data-driven subscription

Generate and deliver one report for each row in a dataset

Schedule

Deliver the report on the following schedule:

Shared schedule Select a shared shedule v

® Report-specific schedule Edit schedule

Figure 9-13. New subscription

First, we want to update the Description field to say Wind Speed Report. Next, we are going to edit the
schedule, but leave the subscription type alone. Clicking the blue Edit schedule link allows you to change
the current schedule. Figure 9-14 shows the initial interface when clicking the Edit schedule option.

Schedule details

Choose whether to run the report on an hourly, daily, weekly, monthly, or one time basis.
(D All times are expressed in (UTC-04:00) Eastern Daylight Time.

Hour ® Day Week Month Once

Daily schedule

- On the following days:

4 v (4] v i <) 4
Every weekday

® Repeat after this number of days: 1
Starttime: | 02 : 00 . AM .

Figure 9-14. Edit schedule (top)
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Notice that this is the top part of the Edit Schedule interface. Click the Once radio button and then

enter a time that is just a few minutes away from your current time.

The bottom part of this interface is shown in Figure 9-15. In this area, we need to just click the Apply button.

Start and end dates

Specify the date to start and optionally end this schedule.

Begin running this schedule on:

Sep 12, 2016 i

Stop this schedule on:

B

-

Figure 9-15. Edit schedule (bottom)

At this point, the subscription interface updates to show the new schedule information. Figure 9-16
shows this updated schedule information, as well as the next part that we need to update.

* Report-specific schedule

At 11:55 AM on 9/12/2016

Destination

Deliver the report to:

E-Mail v

Delivery options (E-Mail)

To: Bradley Beard

e

Bcc:
(Use (;) to separate multiple e-mail addresses.)

Reply-To:

Subject: @ReportName was executed at @ExecutionTime
¢! Include Report  Render Format: | MHTML (web archive)
| Include Link

Figure 9-16. Destination and E-mail options
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We want to leave the destination set to E-mail and to update the rest of the information, as shown in
Figure 9-17.

Destination

Deliver the report to:

E-Mail v

Delivery options (E-Mail)
To: bradley.beard@gmail.com
-

Becc:

(Use (;) to separate multiple e-mail addresses.)

Reply-To:

Subject: |@ReportName was executed at @ExecutionTime
¢l Include Report  Render Format: | PDF v
¢! Include Link

Priority: | Normal Y

Comment:| Here is the most recent Wind Speed Report.

Figure 9-17. Destination and E-mail options, updated

Notice that I entered my actual e-mail address into the To: field, as well as changed the Render Format
to PDF.

Note Available render formats (currently) are Word, Excel, PowerPoint, PDF, TIFF, MHTML, CSV, XML, and
Data Feed.

Next, just add some text in the Comment field, as shown in Figure 9-18.
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Priority: | Normal v

Comment: Here is the most recent Wind Speed Report.

Create subscription Cancel

Figure 9-18. Added comment information

Click the Create Subscription button and we are done with this area. Wait a few minutes. You should
see an e-mail appear in your inbox. Opening it displays something similar to what is shown in Figure 9-19.

AverageWsSbyID was executed at 9/13/2016 12:07:10 AM inbox  x

]
a8

m bradley.beard@gmail.com @ 12:07 AM (0 minutes ago) - -

Here is the most recent Wind Speed Report
The report is accessible at the following address
http /ibradiaptop/ReportServer SQL2016RS 7%2FAvers

bylD&rs%3AParameter anguage=en-US

G AverageWSbylD.... | 4
Figure 9-19. E-mail received
You have now successfully created an e-mail subscription for this report.

Dependent Items

The Dependent Items section has no configurable areas, so we'll just leave this area alone.

Caching

The Caching section allows you to choose whether or not you want your reports cached or not. Figure 9-20
shows the initial interface for the Caching section.
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® Always run this report with the most recent data
Cache copies of this report and use them when available

Always run this report against pregenerated snapshots

Figure 9-20. Caching interface

Personally, I would choose the Always run this report with the most recent data option, just in case
the report is run out of sequence or outside of the normal scheduled run (in the case of a subscription).
There are instances where the Cache copies of this report and use them when available option would be a
better option; for instance, if this were strictly a subscription-based server and there were no contingencies
for users to run reports at their leisure, then it would make sense to generate the report once and then server
can serve the cached copy of the report when requested. The last option, Always run this report against
pregenerated snapshots, means that the report is generated from a specific point in time, referred to as a
snapshot, which is discussed in the next section.

History Snapshots

This section allows you to generate snapshots of the report. This enables the option discussed earlier to
become in this context. Clicking the New history snapshot button shown in Figure 9-21 creates a snapshot
of the report based on data from the current date and time.

- New history snapshot {52 Schedule and settings

View Created Size (Totak 124 KB)

Sep 13, 2016 12:21:05 AM 124 KB

Figure 9-21. History snapshots

Referring back to the Caching section, if you were then to select the Always run this report against
pregenerated snapshots option after generating a snapshot, then any subsequent reports generated would
be run against this snapshot.

Note If you created a snapshot at this point, go ahead and delete it unless you are planning on using it in
the future.
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Security

The Security section allows you to customize your users and roles. The Group or user information comes
from the Windows subsystem. The Roles are based in SQL Server Reporting Services.

¢ Customize security

Group or user Roles

BUILTIN\Administrators Content Manager

Figure 9-22. Security options
Note that we don’t need to change anything here either.

Saving Reports

Apart from subscriptions, there is still a way to save a generated report in Reporting Services. To do this, just
run the report by clicking the name of the report on the Home screen, as shown in Figure 9-23.

SQL Server Reporting Services

% Favorites [ Browse

ﬂj Home

PAGINATED REPORTS

@ AverageWSbylD @ AvgTempBylD

Figure 9-23. Home screen

This opens the report that we have seen before. Figure 9-24 shows the Save dialog, which is shown by
clicking the disk icon in the report toolbar.
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SQL Server Reporting Services

& Favorites [ Browse

AvgTempBylD
1 of 1 > > O ( 100% N 8 v =) Find | Next
r 4 '-‘-'Of':
Average Temperature by Airpor
Excel
o
PowerPo i
wn w'a e
L1
e A e e
2 Wit 1 D L ety
e g g +1 i i
BE e TIFF file
- W o v i g
- &% i 11| MHTML (web archive
= Ea '
= o 3% CSV (comma delimited
: e 2 o .
; ] B L file with report data o i
Wi
9 W
Data Feed LY 4

Figure 9-24. Save options

So again, we have the same render options as we did when we configured the E-mail settings earlier.
You can save the report in any format you wish, at this point.
And with that, we are done.

Summary

Congratulations! We have reached the end of this journey into the beginnings of data science. Understand
that this is just the very tip of the iceberg as far as what R can do. In no way is this book everything that you
ever need to know about the language in order to function in an R environment. Quite the opposite, in fact;
the purpose of this book is to introduce you into the now-blended world of R and SQL Server, in hopes that
you continue your journey of discovery, if you haven’t already. I encourage you to press onward and make
future versions of SQL Server R Services even better through greater community involvement.

Until the next time, thank you so much for taking the time to read this book. I hope you enjoyed reading
this book as much as I enjoyed writing it!
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APPENDIX A

Installing a SQL Server 2016
Instance in a SQL Server 2014
Installation

These instructions closely follow the instructions in Chapter 1, but instead of installing an instance of SQL
Server 2016 on a server by itself, we install an instance of SQL Server 2016 on an existing SQL Server 2014
installation.

We are also not going to install absolutely everything like we did in Chapter 1 either. Instead, we are
only installing R Services, the SQL Server 2016 database engine, and SQL Server 2016 Reporting Services. We
need Reporting Services to provide us with the R content later on.

If you choose to install SQL Server 2016 on top of SQL Server 2014, understand that there are
implications to this, such as relying on older versions of Analysis Services or Integration Services. If you are
okay with this, then that is why this Appendix was created.

Getting Started

Let’s begin the install. Double-click the setup.exe file in the download folder. You should see Figure A-1.
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= SOL Server Installation Center = o X
~
Planning Hardware and Software Requirements
Instaliation View the hard and sofi qui
Maintenance Security Documentation
Toals View the security documentation.
Resources Online Release Notes
Advanced View the latest information about the release.
Options System Configuration Checker

Launch a tool to check for conditions that prevent a successful SQL Server installation.

Download Upgrade Advisor

Upgrade Advisor analyzes SQL Server comp ts that are installed and identifies
issues to fix either before or after you upgrade to SOL Server 2016.

Online Installation Help
Launch the online installation documentation.

How to Get Started with 5QL Server 2016 Failover Clustering
Read instructions on how to get started with SQL Server 2016 failover clustering.

Get Started with the installation of Power Pivot for SharePoint
Read how to install, configure, and verify an installation of Power Pivot for SharePoint.

Get Started with the Installation of Reporting Services SharePoint Mode
Read how to install, configure, and verify an installation of Reporting Services in
SharePoint mode.

Microsoft' SQL Server 2016 )
Upgrade Documentation

pe

Viesw the dacument ahout how to unarade to SO1 Sencer 2016 fram a nrevinus versinn

Figure A-1. Initial SQL Server 2016 installation screen

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

Figure A-1 shows the first screen that you should see when you start installation.

This screen should look pretty familiar to you. Click the Installation link on the left to see what is shown
in Figure A-2.
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T SQL Server Installation Center = m] X
~
Planning ﬁ MNew SQL Server stand-alone installation or add features to an existing installation
Installation Launch a wizard to install SQL Server 2016 in a non-clustered environment or to add
features to an existing SQL Server 2016 instance.
Maintenance
@™ Install SQL Server Management Tools
Tools : .}‘;\* : ' y
- Launch a download page that provides a link to install SQL Server Management
Resources Studio, SQL Server command-line utilities (SQLCMD and BCP), SQL Server PowerShell
provider, SQL Server Profiler and Database Tuning Advisor. An internet connecticn is
Advanced required to install these tools.
Options Lﬁ Install SQL Server Data Tools
Launch a download page that provides a link to install SQL Server Data Tools (SS0T).

S50T provides Visual Studic integration including project system support for Azure
SQL Database, the SQL Server Database Engine, Reporting Services, Analysis Services
and Integration Services. An internet connection is required to install S50T.

New SQL Server failover cluster installation
Launch a wizard to install a single-node SQL Server 2016 failover cluster.

p

Add node to a SQL Server failover cluster

Launch a wizard to add a node to an existing SQL Server 2016 failover cluster.

LTS
5
-_—

Upgrade from a previous version of SQL Server

Launch a wizard to upgrade a previous version of SQL Server to SQL Server 2016.

Mew R Server (Standalone) installation

& =

Launch 2 wizard to install R Server (Standalone) on a Windows machine. This is
typically used by data scientists as a standalone analysis server or as a SQL Server R
Services client.

Microsoft' SQL Server 2016

Figure A-2. SQL Server 2016 Installation options

Once here, click the New SQL Server stand-alone installation or add features to an existing
installation link at the top.

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. It cannot be added to previous versions of SQL
Server, in other words.

Product Key

Now it’s time to enter a product key, or to choose to install the free edition of the product. In other words,
if you happen to have a licensed copy of SQL Server, you would have gotten a 25-character license key, so
you can enter that here. Otherwise, you can always select a free edition. The purpose of this book is for
evaluation purposes, so go ahead and pick Evaluation from the drop-down menu. Figure A-3 shows the
screen you see after continuing from Figure A-2 in a stand-alone install process.
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= SQL Server 2016 Setup - o X

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

Product Key Validate this instance of SQL Server 2016 by entering the 25-character key from the Microsoft certificate
of authenticity or product packaging. You can also specify a free edition of SQL Server: Developer,

License Terms g c
Evaluation, or Express. Evaluation has the largest set of SOL Server features, as documented in SQL Server

Global Rules Books Online, and is activated with a 180-day expiration. Developer edition does not have an expiration,
Product Updates has the same set of features found in Evaluation, but is licensed for non-production database application
: di only. To upgrade from one installed edition to another, run the Edition Upgrade Wizard.
Install Setup Files
Install Rules ®
Specify a free edition:
Feature Selection fy
Feature Rules Evaluation X
Feature Configurstion Rules (O Enter the product key:
Ready to Install

Installation Progress
Complete

< Back Next > Cancel

Figure A-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 that 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 what we need, the Evaluation version is perfect because we will
decide certainly within 180 days if this new functionality is something we want to permanently include in
our SQL Server installation.

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

License Terms

The next screen, shown in Figure A-4, simply asks you to accept the license terms.
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= SOL Server 2016 Setup - =] X

License Terms

To install 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

Preduct Updates ) ) .

fi These license terms are an agreement between Microsoft Corporation (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

Feature Rules s updates,

Feature Configuration Rules

Ready to Install *  supplements,

Instaliation Progress s Internet-based services, and

Complete
s sunnnrt sarvicas e

a2 49
Copy  Print

[]1 accept the license terms.

SQL Server 2016 transmits information about your installation experience, as well as other usage and
performance data, to Microsoft to help improve the product. To learn more about SQL Server 2016 data
processing and privacy controls, please ses the Privacy Statement.

< Back Next > Cancel

Figure A-4. License terms

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

Install Rules

My screen flashed a few times and eventually ended up at the screen shown in Figure A-5.
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= SQL Server 2016 Setup - (] X

Install Rules

Setup rules identify potential problems that might occur while running Setup. Failures must be corrected before Setup
can continue.

Product Key Operation completed. Passed: 3. Failed 0. Waming 2. Skipped 0.
= _
Global Rules
Install Setup Files Hide detailg << Re-run
Install Rules Vi iled r
Feature Selection
Feature Rules | Rule | Status
Feature Configuration Rules (@ | Fusion Active Template Library (ATL) Passed
Ready to Install ] I Consistency validation for SQL Server registry keys . Passed
Installation Progress @ .Cumputer domain controller I Passed
Complete iy | Microsoft NET Application Security | Warnin

& . Windows Firewall . Warning

<Back Next> || Cancel

Figure A-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 .NET application security and firewall rule. This should be fine,
so I'm going to click Next to continue.

Feature Selection

Now we get to it. Figure A-6 shows the screen we have been waiting for.
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= SQL Server 2016 Setup - o X

Feature Selection

Select the Evaluation features to install.

Product Key Features: Feature description:
Heenee Tenms * || The configuration and operation of each ~
Global Rules [] Database Engine Services instance feature of a SQL Server instance is
i icati isolated from other SQL Server instances. SQL
Install Setup Files [J sQL Server Replication isolatec : :
i e ] R Services (In-Database) Server instances can operate side-by-sideon v
£ [ Full-Text and Semantic Extractions for Sea Prerequisites for selected features:
satine Selection [ Data Quality Services
Feature Rules [ PolyBase Query Service for External Data
Feature Configuration Rules [ Analysis Services
Ready to Install [] Reporting Services - Native
- Shared Features z :
sk e Requirements
jrbiiaton Frogen [[] R Server (Standalone) E‘ ShaceRed
Complete O Reporting Services - SharePoint
[] Reporting Services Add-in for SharePoint Proc v |
< >
Select All Unselect All

Instance foot directory: C:\Program Files\Microsoft SQL Server\

Shared feature directory: EASQOL Server’

Shared feature directory (x86): EASQL Server (xB6)\

< Back Next > Cancel

Figure A-6. Feature Selection

At this point, we could just press Select All and that would be it. If you take a look at the options though,
you see what they actually mean. We definitely want to choose R Services (In-Database); otherwise, you
can stop reading here. Once we choose that, we see that Database Engine Services also gets selected.

We also want to select Reporting Services - Native, which we’'ll use in Chapter 7. We don’t want to select
anything except these three options, though. Figure A-7 shows what you should see selected at this point.
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= SOL Server 2016 Setup — O X

Feature Selection

Select the Evaluation features to install.

Product Key Eeatures:

License Terms ' = .
Global Rules 4] Database Engine Services

Install Setup Files [] 5QL Server Replication

Install Rules [4 R Services (In-Database)

e ] Full-Text and Semantic Extractions for Sea

Feature Rules

[ Data Quality Services
[ PolyBase Query Service for External Data

Instance Configuration [ Analysis Services
Seves Configaation [ Reporting Services - Native
e Shared Features
: ngu?e 9 [] R Server (Standalone)
ep g Services C [] Reporting Services - SharePoint

Consent to install Microsoft R ...

Feature Configuration Rules £ >

[ Reporting Services Add-in for SharePoint Proc v |
Drive E: 3 MB required, 45938 MB available

Feature description:

The configuration and operation of each -

|| instance feature of a SQL Server instance is

isolated from other SQL Server instances. SQL
Server instances can operate side-by-sideon v

Prerequisites for selected f;

Already installed: ~

Windows PowerShell 3.0 or higher
Micrnenft Vicual Studin 2010 Redictribitahle ¥
>

Disk Space Requirements
| Drive C: 3161 MB required, 204554 MB
available

Ready to Install

Select All
Installation Progress ectd)

Unselect All

Complete Instance root directory:

Shared feature directory: ENSQL Server

Shared feature directory (x86): E\SQL Server (xB6)

Figure A-7. Feature Selection with options

Notice how the bottom shows the default instance root directory and my shared feature directories are

C:\Program Files\Microsoft SQL Server\

< Back Cancel

pointing to my E drive. That’s where I keep my SQL Server stuff for easy retrieval.

Click Next here to move on.

Instance Configuration

It takes a second to think about what it wants to do, but eventually, you see the Instance Configuration

screen shown in Figure A-8.
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T~ SQL Server 2016 Setup - o 5

Instance Configuration

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

Product Key () Default instance
License Terms

(®) Named instance: | |

Global Rules

Install Setup Files

Install Rules Instance ID: | l
Feature Selection

Feature Rules

Instance Configuration SQL Server directory: C:\Program Files\Microsoft SQL Server\MSSQL13.

Server Configuration Reporting Services directory:  C:\Program Files\Microsoft SQL Server\MSRS13.

Database Engine C

Reporting Services Config Installed instances:

Consent to install Microsoft R ... Instance Name Instance ID Features Edition Version
Featiire Configuration Rule: MSSQLSERVER | MSSQLIZMSSQLS... |SQLEngine,SQLE... |Standard [12142130
Ready to Install <Shared Compone... | SSMs, Adv_SSMS, ... | 12142130

Installation Progress
Complete

< Back Next > Cancel

Figure A-8. Instance Configuration

At this point, we need to define our new instance. If you look on the Installed Instances section, you
see that there is already an installed version of SQL Server 2014. We don’t want to wipe that out by installing
on top of it, so we choose the Named Instance option and call it SQL2016RSVCS for SQL Server 2016 R
Services.

Note that this value is different from the instance name given in Chapter 1. This is to differentiate
between the two instances.

Enter that value for the Named Instance field. You see what is shown in Figure A-9.
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i~ SQL Server 2016 Setup = m} x

Instance Configuration

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

Product Key O Default instance

e @ Named instance: [satz016rsvcy |
Global Rules ;

Install Setup Files

jntaititites Instance ID: [saL2016RsvCs ]
Feature Selection

Feature Rules

Instance Configuration SQL Server directory: C:\Program Files\Microsoft SQL Server\MSSQL13.5QL2016RSVCS

Server Configuration Reporting Services directory: C:\Program Files\Microsoft SQL Server\M5R513.5QL2016RSVCS

one Shgme Soo Installed instances:

Reporting Services Configurati .

Consent to install Microsoft R ... Instance Name Instance ID Features Edition Version

Feture Configuration Rules MSSQLSERVER | MSSQLIZMSSQLS... |SQLEngine,SQLEN... |Standard [121.42130

Ready to Install <Shared Compone... S5MS, Adv_SSMS, ... 12.1.4213.0

Installation Progress
Complete

< Back Next > Cancel

Figure A-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 SQL2016RSVCS
referenced in them. Once you are satisfied that everything is as it should be, click Next to continue.

Server Configuration

The next screen is where we define the service accounts and startup types for the services. That screen is
shown in Figure A-10.
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T~ SQL Server 2016 Setup = ] x

Server Configuration

Specify the service accounts and collation configuration.

Product Key Service Accounts  Collation
License Terms
Global Rules Microsoft recommends that you use a separate account for each SQL Server service.
Install Setup Files Service Account Name Password Startup Type
Install Rules NT Service\SQLAgentss... [Manual
Feature Selection SQL Server Database Engine INT Service\MSSQLSSQL... | _-:M.ltornﬂi( I~
Feature Rules i SQL Server Reporting Services NT Service\ReportServer... . ;_h;t;n:l-m_t ----- :I
Instance Configuration [saL server Launchpad |NT Service\MSSQLLaun... | Automstic |
Server Configuration [saL server Browser NT AUTHORITY\LOCAL... | Automatic v |
Database Engine Config:
Reporting Services Configurati [] Grant Perform Volume Maintenance Task privilege to SQL Server Database Engine Service
Consent to install Microsoft R ... This privilege enables instant file initialization by avoiding zeroing of data pages. This may lead
Feature Configuration Rules to information disclosure by allowing deleted content to be accessed.
Ready to Install lick here for detail
Installation Progress
Complete

< Back Next > Cancel

Figure A-10. Server Configuration
The following are the service accounts created by SQL Server 2016:

e NT Service\SQLAgent$SQL2016RSVCS: Starts and manages the SQL Server Agent
service.

e NT Service\MSSQL$SQL2016RSVCS: Starts and manages the SQL Server service.

e NT Service\ReportServer$SQL2016RSVCS: Starts and manages the Reporting
Services service.

e NT Service\MSSQLLaunchpad$SQL2016RSVCS: Starts and manages the R Services
service.

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

These services 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
many 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 A-11 shows what you should see at this point.
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= SQL Server 2016 Setup = o X

Server Configuration

Specify the service accounts and collation configuration.

Product Key Service Accounts  Collation
License Terms
Global Rules Micresoft recommends that you use a separate account for each SQL Server service.
Install Setup Files [ Service Account Name Password Startup Type
Install Rules SQL Server Agent NT Service\SQLAgentSs... ;uto_n:l;h:“T
Feature Selection SQL Server Database Engine | NT Senvice\MssaLssaL.. | Automatic v
Feature Rules SQL Server Reporting Services NT Service\ReportServer... . Automatic v
Instance Configuration SQL Server Launchpad INT Service\MS5QLLaun... | Automatic
Server Configuration SQL Server Browser |NT AUTHORITY\LOCAL... | |Automatic v
Database Engine Configuration .
Reporting Services Configurati [[] Grant Perform Volume Maintenance Task privilege to SQL Server Database Engine Service
Consent to install MicrosoftR ... This privilege enables instant file initialization by aveiding zeroing of data pages. This may lead
Feature Configuration Rules to inf ion disclosure by allowing deleted content to be accessed.
Ready to Install lick here for detail
Installation Progress
Complete

< Back Next > Cancel

Figure A-11. Server Configuration updated

Notice that we cannot set the password for any of these accounts. This is the same as it has been for
every installation of SQL Server that I have ever seen. If you were to change the Account Name box from the
default to a custom service account name, then the Password box would become active and accept input;
otherwise, the password is controlled by SQL Server.

Notice also that there is a new Grant Perform Volume Maintenance Task privilege to SQL Server
Database Engine Service check box underneath the default services listed. For what we’re doing in this
book, it’s not necessary to check this box. In future installations or for production environments, it would
probably be a good idea to enable this.

At this point, all of our services are set to Automatic. Notice that we aren’t going to bother with the
Collation tab. This should have SQL_Latin1_General CP1_CI_AS specified in the tab by default. That’s it. Go
ahead and click Next to move on.
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Database Engine Configuration

The next screen is the Database Engine Configuration screen shown in Figure A-12. It lets you set options for
the engine in four different tabs.

= SOL Server 2016 Setup

Database Engine Configuration

Specify Database Engine

Product Key

License Terms

Global Rules

Install Setup Files
Install Rules

Feature Selection
Feature Rules

Instance Configuration
Server Configuration

Database Engine Config
R ing Services Config

- o

Consent to install Microsoft R ...

Feature Configuration Rules
Ready to Install

Installation Progress
Complete

= ] X
ication security mode, administrators, data directories and TempDB settings.
Server Configuration Data Directories TempDB FILESTREAM

Specify the authentication mode and for the Database Engine.

Authentication Mode

® Windows authentication mode

O Mixed Mode (SQL Server authentication and Wind thentication)

Specify the password for the SQL Server system administrator (sa) account.

Enter password:

Confirm password:

Specify SQL Server administrators

I |['saL server administrators
have unrestricted access
to the Database Engine.

Add Current User Add... Remove

< Back MNext » Cancel

Figure A-12. Initial Database Engine Configuration screen
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Server Configuration

This tab lets you specify the authentication mode and the administrators for this instance of the database
engine. Because this is just for testing and evaluation, I am going to add myself in Windows Authentication
Mode as the administrator by clicking the Add Current User button at the bottom of the screen with
Windows Authentication Mode selected. Figure A-13 shows these options selected.

= SOL Server 2016 Setup - ] X
Database Engine Configuration
Specify Database Engine authentication security mode, administrators, data directories and TempDB settings.
Product Key Server Configuration Data Directories TempDB  FILESTREAM
License Terms
Global Rules Specify the authentication mode and admini: for the Datat Engine.
Install Setup Files Authentication Mode
Install Rules (@) Windows authentication mode
Feature Selection
(O Mixed Mode (SOL Server authentication and Windows authentication)
Feature Rules
Instance Configuration Specify the password for the SQL Server system administrator (sa) account.
Server Configuration Enter password:
Database Engine Config
Reporting Services Configurati Confirm password:
Consent to install Microsoft R ... Specify SQL Server administrators
Eeatiife Confimuration Kubes [BradLaptop\Bradley Beard (Bradley Beard) I SQL Server administrators
Ready to Install have unrestricted access
Installation Progress to the Database Engine.
Complete
Add Current User Add... Remove

< Back Next > Cancel

Figure A-13. Server Configuration tab with options
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Recall the way that I had my file system set up. This is where that comes into play. Figure A-14 shows what

this screen looks like initially and Figure A-15 shows what my selected options are. You can leave these

however you like, but my personal preference is to not put the files I want in the labyrinth of folders that are

the default.
= SOL Server 2016 Setup = ]
Database Engine Configuration
Specify Database Engine authentication security mode, administrators, data directories and TempD8 settings.
Product Key Server Config [Data Directories | TempDB  FILESTREAM
License Terms )
Global Rules Data root directory: C:\Program Files\Microsoft SQL Server\, l
Install Setup Files System database directory:  C:\Program Files\Microsoft SQL
Install Rules Server\MSSQL13.5QL2016RSVCS\MSSQL\Data
Feature Selection User database directory: Ci\Program Files\Microsoft SQL mmmssous.squmﬁasvcs|
Feature Rules e - '
Instance Configuration User database log directory: | C:\Program Files\Microsoft SQL SWH\MSSQL13,S-QL2015RS?CS|
Server Configuration Backup directory: [C:\Program Files\Microsoft SQL Smu\MSSQL'IS,SQLZDIBRSVCS‘
n " E . G e 'y
Reporting Services Configuration

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

Installation Progress

Complete

Figure A-14. Initial Data Directories tab

< Back Next > Cancel
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= SOL Server 2016 Setup - o
Database Engine Configuration
Specify Datat Engine security mode, admini data di ies and TempDB settings.
Product Key Server Configuration Data Directories TempDB  FILESTREAM
License Terms
Global Rules Data root directory: |C2\Program Files\Microsoft SQL Server\ |
Install Setup Files System database directory:  C\Program Files\Microsoft SQL
Install Rules Server\MSSQL13.5QL2016RSVCS\MSSQL\Data
Feature Selection User database directory: |E-'\SQL Server\Data | =
Feature Rules r
inetanics Configiration User database log directory: | E\SQL Server\Logs |
Server Configuration Backup directory: IE:\SQL Server\Backup| I
Database Engine Configy
Reporting Services Config
Consent to install Microsoft R ...
Feature Configuration Rules
Ready to Install
Installation Progress
Complete
< Back Next > Cancel

Figure A-15. Updated Data Directories tab

TempDB

Usually, I leave this option alone. However, in this case, I set the options to mirror the file system that I have
enabled. Figure A-16 shows the default settings and Figure A-17 shows the updated settings.
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= SOL Server 2016 Setup

Database Engine Configuration
Specify Database Engine authentication security mode, administrators, data directories and TempDB settings.
Product Key Server Configuration Data Directories :‘I‘em
License Terms
Global Rules TempDB data files: tempdb.mdf, tempdb_mssqgl_#.ndf
Install Setup Files Numberof filess 2 [
Install Rules -
itial size(MB): & 31 Totalinitial size (MB):
Feature Selection i e ik

Featire Rules Autogrowth (MB): % 21 Total autogrowth (M8):

Instance Configuration [T Y- TSl C:\Program Files\Microsoft SOL Server\MSSQL13.5QL2016RSVCI

Server Configuration

Database Engine Config

Reporting Services Config
Consent to install Microsoft R ...

Feature Configuration Rules < >
Ready to Install TempDB log file:  templog.Idf

Installation Progress Initial size (MB): g8 &

Complete

Autogrowth (MB): | 5

Log directory: |C:\Proglarv| Files\Microsoft SQL SerwﬂMSSQl.lS.SQI.ZD16RS\’CS| |

< Back Next >

Figure A-16. TempDB default settings

Cancel
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= SQL Server 2016 Setup - o X
Database Engine Configuration
Specify Datat Engine authentication security mode, administrators, data directories and TempDB settings.
Product Key Server Configuration Data Directories TempDE FILESTREAM
License Terms )
Global Rules TempDB data files: tempdb.mdf, tempdb_mssql_#.ndf
Install Setup Files Numberof files: 2 [%
Install Rules -
Initial size (MB): 8 ‘=~ Total initial size (MB): 16
Feature Selection
Feature Rules Autogrowth (MB): 64 S Total autogrowth (MB):
Instance Configuration Data directories: | EESIa0r) Add...
Server Configuration
Database Engine Config Remove
Reporting Services Config
Consent to install Microsoft R ...
Feature Configuration Rules
Ready to Install TempDB log file:  templog.ldf
Installation Progress Initialsize (MB): & %
Complete =
Autogrowth (MB): 64 =
Log directory: “E:.{éé-L.ge.nr!l-\i.ogs l

=

Figure A-17. TempDB updated settings

The changes I made were slight. I first highlighted the existing option in the Data directories field and
then clicked the Remove button. Then I clicked the Add button and added E:\SQL Server\Data instead. This
location was mirrored in the Log directory field, so I changed that to E:\SQL Server\Logs instead. That's it
for this tab.

FILESTREAM

Just leave the FILESTREAM tab alone. We won't be using FILESTREAM in this book.

Reporting Services Configuration

Once you've got those tabs all filled in, click Next. Figure A-18 shows you what you should see now.
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= SQL Server 2016 Setup - m} X

Reporting Services Configuration

Specify the Reporting Services configuration mode.

Product Key Reporting Services Native Mode

License Terms @) Install and gonfigure.

Global Rules Installs and configures the report server in native mode. The report server is operational after
Install Setup Files setup completes,

Install Rules ) Install gnly.

Feature Selection Installs the report server files. After i ion, use Reporting Services Configuration Manag
Feature Rules to configure the report server for native mode.

Instance Configuration

Server Configuration

Reporting Services SharePoint Integrated Mode

Database Engine Config:
o, ing Services Confi Installs the report server files. After installation use SharePoint Central Administration to
= = i complete the configuration. Venfy the SQL Server Reporting Services service is started and

Corsent o stall Mctosoft K - create at least one SQL Server Reporting Services service application. For more information,
Feature Configuration Rules click Help.
Ready to Install

Installation Progress

Complete

< Back Mext » Cancel

Figure A-18. Reporting Services Configuration

This is where we get to configure Reporting Services. We configure this further in Chapter 7 and onward,
so we installed it now, using the Install and configure option that is selected by default.

One quick thing while we’re talking about this; if you go in later and want to Reporting Services because
you didn’t install it with the database engine, you only have the Install only option available to you. The
reason for this is because the Reporting Services Configuration Manager must be used to add Reporting
Services to an existing database engine instance. Ideally, you should use the principal of least installation
here, which is a concept that states that, when installing new software, you should only install what is
needed and disregard what is not. In this case particularly, that makes perfect sense and is exactly what we
are doing my not installing all of SQL Server 2016 right now. In certain other cases, it makes perfect to install
the deluxe bells and whistles version of the software, but just keep in mind that this isn’t always the case.

Ensure that the Install and configure option is selected and click Next at the Reporting Services
Configuration screen to move on.

Consent to Install Microsoft R Open

You should now see what is shown in Figure A-19.
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= SOL Server 2016 Setup - ] X

Consent to install Microsoft R Open

Download and install Y P
psuct Ky Microsoft R Open is an enhanced distribution of R made available by Microsoft under the GNU General
License Terms Public License v2,
Global Rules
Install Setup Files
Install Rules R is © the R Foundation for Statistical Computing. For more inf tion on R-related products and services,

Feature Selection visit http://r-project.org.

Feature Rules

Instance Configuration S . . . . .
By clicking “Accept” you are choosing to download Microsoft R Open and install it on your machine, and

Server Configuration agreeing to accept patches and updates to this software according to your SOL Server update preferences.
Database Engine Config:
Reporting Services Confi
Consent to install Microsoft R ...
Feature Configuration Rules

Ready to Install

9

Installation Progress

Complete

Accept
< Back Next > Cancel

Figure A-19. Consent to Install Microsoft R Open

This is pretty cool. Before the full version of SQL Server 2016, you had to download the separate
components for R and then install them individually. In this release, you just authorize the download here
instead. Click the Accept button. The Next button becomes enabled. Go ahead and click Next to move on.

Ready to Install

Figure A-20 shows the Ready to install screen that you should now see. Read it over and ensure that you
match these settings before moving on, if you're going to do the exercises in this book.
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Ready to Install

Verify the SQL Server 2016 features to be installed.

Preduct Key
License Terms
Global Rules
Install Setup Files
Install Rules
Feature Selection
Feature Rules
Instance Configuration
Server Configuration
Database Engine C

9

Reporting Services Configuration
Consent to install Microsoft R ...
Feature Configuration Rules
Ready to Install

Installation Progress

Complete
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Ready to install SQL Server 2016:

- Summary
Edition: Evaluation
Action: Install
- Prerequisites
= Already installed:
Windows PowerShell 3.0 or higher
Micresoft Visual Studio 2010 Redistributables
Micresoft Visual Studio 2010 Shell
Microsoft NET Framework 4.6
Micresoft MPIvT
- General Configuration
= Features
Database Engine Services
R Services (In-Database)
Reporting Services - Native
(- Instance configuration

Instance Name: SQL2016RSVCS
Inrtanca IN. ©N INABCUCS
<

Configuration file path:

C:\Program Files\Microsoft SQL Server\130\Setup Bootstrap\Log\20160628_075058\ConfigurationFile.ini

Figure A-20. Ready to install

Once you are ready, cross your fingers and click Install. Your screen flashes a few times while it is
loading and installing what it needs. Figure A-21 shows what you should see when it starts running.

< Back

Install

Cancel
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= SOL Server 2016 Setup

Installation Progress

Product Key
License Terms
Global Rules Setting feature install state.
Install Setup Files
Install Rules

Feature Selection
Feature Rules

Instance Configuration
Server Configuration
Database Engine Confi

Reporting Services Configuration
Consent to install Microsoft R ...
Feature Configuration Rules
Ready to Install

Installation Progress
Complete

Next > Cancel

Figure A-21. Installation Progress

At this point, it is installing normally. It takes a little while, but eventually finishes with the screen shown
in Figure A-22.
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T~ SOL Server 2016 Setup - m} e

Complete

Your SQL Server 2016 installation completed successfully.

Product Key Information about the Setup operation or possible next steps:
License Terms
-~

Global Rules Lg Feature Status

- Database Engine Services Succeeded
Install Setup Files I R Services (In-Database) Succeeded
Install Rules 1% SQL Browser Succeeded
Feature Selection @ SQL Writer Succeeded
Feature Rules 1& Setup Support Files Succeeded v
Instance Configuration
Server Configuration
Database Engine Cenfigurati Details:
Reporting Services Config

Consent to install Microsoft R ...
Feature Configuration Rules

Ready to Install
Installation Progress
Complete
Summary log file has been saved to the following location:
\Program Files\Micr 1 T 1 I
mm s i 16 7 ¢

Close

Figure A-22. Complete

Complete

This is the screen you really want to see at this point. If you don’t see this screen and instead you see an error,
then something bad happened. If you followed the directions in this Appendix, then there was probably a
conflict with the existing SQL Server 2014 installation.

My installation took about 10 minutes to complete. Scroll down in there to see if everything installed
correctly, and then click Close.

Congratulations! You have installed SQL Server 2016 R Services. According to Microsoft, we still have a
little work to do though.

Open SQL Server Management Studio (yes, the 2014 one) and connect to your newly installed instance.
Figure A-23 shows how to connect to the instance.
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Microsoft SQL Server 2014

Server type: . Database Engine v
Server name: | BRADLAPTOP\SQL2016RSVCS v
Authentication: Windows Authentication v

"3me BradLaptop‘\Bradley Beard

[Covea [ oot || b | [ oo

Figure A-23. Connecting to the new instance

Recall that I named the new SQL Server 2016 instance SQL2016RSVCS, so that’s the instance I am going
to connect with. The format for the Server name field is SERVER\INSTANCE, so that’s how I have formatted
my connection. You can also pull down the menu and navigate to an instance from there. However you are
more comfortable is fine, as long as you get there. Click Connect to log in to your instance.

The initial screen resembles Figure A-24.

ST} BRADLAPTOP\SQL2016RSVCS (SQL Server 13.0.1601.5 - BradLaptop\Bradley Beard)

[ Databases

@ [ Security

[ [ Server Objects

@ [ Replication

@ [ AlwaysOn High Availability
# [ Management

# 3 Integration Services Catalogs
@ [ SQL Server Agent

Figure A-24. SQL Server Management Studio connected to SQL Server 2016 instance

Pay attention to the named instance and the SQL Server version shown. This means that we have
successfully connected to our new instance and we are ready to get going.

Microsoft has put out a post-configuration procedure that we are going to run first. I fully expect for this
to be removed and added to the installation in the future, but for now, follow along to complete installation.

Open a New Query window in SQL Server Management Studio and type the following command:

Exec sp_configure 'external scripts enabled', 1
Reconfigure with override

Figure A-25 shows this action.
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E. S0L Query.3ql - BRADLAPTOPSCL201ERSVC Sumuster (Bradlaptop' Bradiey Beard (!

17T el | NewQuery eH D5 4@ -0

)
W mastes ]t e (P Deng B 33 e G| P SQGOE 2 SR 5
SO Cutryl.5q) - BR...Beadley Beard (351° x
Connect~ &/ % m 7 7.4 1| =Exec sp_configure ‘external scripts enabled’, 1
- |6 BRADLAPTORSaLIO1ERSVCS (50 2 lnucnf'.;uve with override
% [ Dstabases
# [ Security
# [ Server Objects
[ Rephcation
¥ [ AlwaysOn High Svailsbility
# [ Management
& [0 Integration Services Catalogs
# I SOk Server Ageet
W% -
< 3 | 49 Connected. (1/1) BRADLAPTOP\SQLIVIGRSVCS (13..  BradLaptop!Bradiey Bes... master (0000 0 rows

Figure A-25. Command ready for execution

Notice that we are executing against the master database.
Run that. You should see Figure A-26, which tells us that the execution was successful.

F.. SOLCwery].sql - BRADLAPTOR\SOL0 18RSV S.master (BradLaptop! Bradiey Beard (35])° - Microsaft SOL Server Management Studio
File Edt View Cuery Project Debug Took Window Help
PG -S| I Newtmey GRS 8 -0 A9 - L0k
At | [ maner <|| ¥ Enecte boDebug B 00 2 |77 QO QT2 i
TR . .- ey S 5
Connect> &/ & & 7 .8 “Exec sp_configure “external seripts ensbled’, 1
B BRADLAPTOPSQLIOIERSYCS (501 2 lamnngu-r with override
+ (3 Databases
@ [ Securty
% [ Server Objects
+ [ Rephcation
@ [ AlwayiOn High Availability
+ [ Management
# [ Integration Senices Catalogs
5 (B SOL Server Agent

W% -
3 Messages

Configuration option ‘external scripts enabled” changed from @ to 1. Run the RECONFIGURE statement to install.

W% -

3 | D Query executed successtully. BRADLAPTOP\SOL0IGRSVCS (13...  BradLaptop\Bradley Bea... master 000000 0 rows
Ready

Figure A-26. Success

249



APPENDIXA © INSTALLING A SQL SERVER 2016 INSTANCE IN A SQL SERVER 2014 INSTALLATION

Next, we need to verify that R is indeed running. To do this, Microsoft says to restart the SQL Server
instance and run the following script. Restart the instance first. Then open a New Query window and type
the following:

exec sp_execute_external script

@language =N'R",
@script=N'OutputDataSet<-InputDataSet’,
@input_data_1 =N'select 1 as hello’

with result sets (([hello] int not null));

g0

For those that haven’t yet memorized every single system stored procedure, you won't recognize that
sp_execute_external_script is a brand-new stored procedure introduced to execute external scripts. This
stored procedure can be invoked with the following:

e  @language: The name of the supported language.

e  (@script: The script executed (you can either type it all in to the stored procedure or
reference it as a variable).

e @input_data_1: The SQL query you're using to gather data from the database goes
here.

e @input_data_1_name: The data frame that acts as the result set of the @input_data_1
query. This attribute is optional.

e (@output _data_1 name: The data frame variable in @script that holds the output
data. This attribute is optional.

Press F5 to execute the script. The anticipated results are shown in Figure A-27.

"
Ele Ea View Query Broject Debug Tooks Window Help

P ol G| dBewlvey AR D 8290 -8-0 (s r E] -5 ] .
by daf | [ master ||| ¥ Epecwte b Debug B 30 &l | T QEDIZS2EES.

Object Explorer

MRl SCA Choery 1.3 - BR...Bradley Beard (35)1° %
Connect* &/ % & [ 35 “exec sp_ewecute_external_script @language 'R’

- @script-i'Output
| BRADLAPTOR\SOL201ERSVCS (S0 st datat igh
# [ Databases 1 | with result sets (([hells] int
5 [ Security o
+ [ Serves Objects

+ [ Rephcation

% [0 AbwaysOn High dailability

+ [ Management

5 [ Integration Senvces Catalogs
% [ S0L Server Agent

W% -
T Resuts 'y Messages

< » |\ Query executed successiully. BRADLAPTOPSOLIVIGRSVCS (13,  BradLaptop'\Bradiey Bea... master 000013 1 rows

Figure A-27. R s alive!
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Excellent! R is alive and well, and communicating normally with the SQL Server instance.

Summary

Let’s briefly review what we have covered in this Appendix.

1. Installed a SQL Server 2016 named instance on top of an existing SQL Server
2014 default instance.

2. Configured R after installation.
3. Verified that R is installed correctly by running the script specified earlier.

So, essentially, that is how you install SQL Server 2016 on top of SQL Server 2014.

Keep in mind that, as I mentioned earlier, there could still be some conflicts with how the instances
are configured. It may be better to just upgrade your instance to 2016, but you should never, ever upgrade
a mission critical server just because the latest and greatest version of some application was released. You
always want to check and do your homework to make sure that the OS is supported, and that there isn’'t a
huge difference between the versions that you are upgrading. This is the main reason why the primary focus
of this book is about installing on a new server, and not one with an existing SQL Server installation.

If you are comfortable with this installation and you are ready to move on, go ahead and start at Chapter 2
now. You should still be able to complete the exercises and examples in this book, but you need to follow those
directions to get R Tools for Visual Studio and Reporting Services installed and configured correctly.
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APPENDIX B

Software Requirements Document/

Project

Beginning SQL Server R Services

Author

Bradley Beard, Lead Developer, We R Pros, LLC

Prepared for

R. Customer, Chief Information Officer, PleaseGiveUs-R-AnalysisData.com

Problem

PleaseGiveUs-R-AnalysisData.com (“Customer”) has approached We R Pros, LLC (“Vendor”) with a unique
request.

Customer has a finite amount of data related to the weather, but Customer does not have the means to
analyze this data. Customer would like Vendor to suggest products and services that could be gleaned from
the analysis of the data sets.

In essence, Customer does not exactly know what it wants, but knows that it wants something and
isrelying on the expertise and experience that Vendor has to provide a solution or set of solutions for
Customer. The data is quite valuable and is surely hiding quite a few “diamonds in the rough.”

Solution

Upon initial inspection of Customer’s data, the following information was gathered:
e The datafile is 1 Microsoft Excel file.
e  Thefile is approximately 5.5MB.

e  Thefileis exactly 113,333 rows long, minus one header column.

© Bradley Beard 2016 253
B. Beard, Beginning SOL Server R Services, DOI 10.1007/978-1-4842-2298-0_11



APPENDIX B * SOFTWARE REQUIREMENTS DOCUMENT

e Thefile consists of the following headers:
e  Year
e  AdjustedMonth
e  AdjustedDay
e  AirportID
e  AdjustedHour
e Timezone
e  Visibility
e  DryBulbFarenheit
e  DryBulbCelsius
e  DewPointFarenheit
e  DewPointCelsius
e  RelativeHumidity
e  WindSpeed
e  Altimeter
Based on these columns, it was determined that the following reports shall be created:
e  Average Wind Speed per AirportID
e  Average Temperature per AirportID (°F)

It is noted that many more reports could be gathered, but the customer specifically requested that these
reports be created.

Language/Platform

This solution will use SQL Server 2016 to collect and store the data, R to analyze the data, and SQL Server
Reporting Services to provide reports based on the data.

Medium

The medium of delivery for reports shall be as requested by the Customer; reports can be delivered in image
format, Excel format, or PDF format. The specificity of the format can be determined at a later date, since the
delivery method via SQL Server Reporting Services allows for exporting of the reports in a variety of formats.
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R Plot and Tabular Code for R
Tools for Visual Studio

First, a couple of notes about this appendix:

e  The full code for the samples in Chapter 5 are here, but you still need to import the
data into RTVS from the Weather_Sample.csv file in order to actually do anything.

e Youmay notneed to run the install.packages() references, but they are there just
in case. If you have already installed them, then it won’t be necessary to install the
packages again.

Average Temperature by Airport ID (Plot)

This code gives the average temperature by airport ID in graphical format. Notice that the mean() function
contains the DryBulbFarenheit attribute, which indicates that this is keying on the temperature field, and
not the wind speed field. Also, the presence of the ggplot2 reference indicates that this is the plot code, and
not the tabular code.

install.packages("data.table")
library(data.table)
Weather Sample <- data.table(Weather Sample)

chart by ID <- as.data.frame(Weather Sample[, mean(DryBulbFarenheit, na.rm = TRUE),
by = AirportID])

install.packages("ggplot2")
library(ggplot2)

ggplot(chart_by ID, aes(x = AirportID, y = V1)) + geom point(stat = "identity") + geom_
smooth(method = "1m", formula = y ~ splines::bs(x, 3)) + scale x _continuous(name = "Airport
ID") + scale y continuous(name = "Average Temperature") +

geom_text(aes(label = AirportID), size = 3, vjust = 1.0) +

geom_text(aes(label = round(V1, digits = 2)), size = 3, vjust = 2.0)
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Average Temperature by Airport ID (Tabular)

This code gives the average temperature by airport ID in tabular format. Notice that the mean() function
contains the DryBulbFarenheit attribute, which indicates that this is keying on the temperature field, and
not the wind speed field. Also, the absence of the ggplot2 reference indicates that this is the tabular code,
and not the plot code.

install.packages("data.table")

library(data.table)

Weather_ Sample <- data.table(Weather_Sample)

setkey(Weather Sample, AirportID)

avg_temperature by ID <- as.data.frame(Weather Sample[, mean(DryBulbFarenheit,
na.rm = TRUE), by = AirportID])

avg_temperature by ID

Average Wind Speed by Airport ID (Plot)

This code gives the average wind speed by airport ID in graphical format. Notice that the mean() function
contains the WindSpeed attribute, which indicates that this is keying on the wind speed field, and not the
temperature field. Also, the presence of the ggplot2 reference indicates that this is the plot code, and not the
tabular code.

install.packages("data.table")

library(data.table)

Weather Sample <- data.table(Weather Sample)

chart by ID <- as.data.frame(Weather Sample[, mean(WindSpeed, na.rm = TRUE), by =
AirportID])

install.packages("ggplot2")

library(ggplot2)

ggplot(chart_by ID, aes(x = AirportID, y = V1)) + geom_point(stat = "identity") + geom_
smooth(method = "1m", formula = y ~ splines::bs(x, 3)) + scale x_continuous(name = "Airport
ID") + scale y continuous(name = "Average Wind Speed") +

geom_text(aes(label = AirportID), size = 3, vjust = 1.0) +
geom_text(aes(label = round(V1i, digits = 2)), size = 3, vjust = 2.0)
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Average Wind Speed by Airport ID (Tabular)

This code gives the average wind speed by airport ID in tabular format. Notice that the mean() function
contains the WindSpeed attribute, which indicates that this is keying on the wind speed field, and not the
temperature field. Also, the absence of the ggplot2 reference indicates that this is the tabular code, and not
the plot code.

install.packages("data.table")

library(data.table)

Weather_ Sample <- data.table(Weather_Sample)

setkey(Weather Sample, AirportID)

# OBJECT NAME DATA FRAME DATASET NAME DATA COLUMN REMOVE N/A GROUP
BY COLUMN

avg_windspeed by ID <- as.data.frame(Weather Sample[, mean(WindSpeed, na.rm = TRUE), by =
AirportID])

avg_windspeed by ID
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Acceptance test, 77

D

Database, 137-138

Database Engine Configuration
data directories, 239
FILESTREAM, 242
TempDB, 240, 242

Data configuration, report builder
connection properties, 188
dataset properties, 192
data source properties, 185-186
data source updated, 190
title value, 194-195

Data directories, 15-16

Download Microsoft R Open
destination location, 44
installation, 45
Install Math Kernel Library (Intel© MKL), 43
MKL licensing information, 44

E,FGH

E-mail settings, 139, 141
Encryption keys, 142-143
Execution account, 141-142

1,J, K
Initial interface design, 78
Installation. See Setup and installation

L

Linear regression
dataset model, 108
ggplot of predicted_values, 118
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model coefficients, 109
syntax, 107

M,N,O

Microsoft R Open install, 18
Model object
coefficients, 113
head(predicted_values), 117
predicted_values dataset, 116
$residuals, 113

PQ

Package manager
available, 98
installed, 99
loaded, 100
RUnit, 99
Plotting
diamonds dataset, 102, 104-106
ggplot2, 101
logarithmic scale, 106-107
temperature by
airportID, 128, 130
wind speed by airport ID
dataset, import, 120-122
dataset preparation, 123-124
plotted information, 127
script pane, 122-123
Power Bl integration, 145-146, 148
Project definition phases
ggplot2, 85-86
initial interface design, 78
package manager, 84
README file, 80
requirements gathering, 74-75
software change request process, 76-78
Solution Explorer, 80
spiral development, 75-76
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R

Regression diagnostics, 110-111
Report builder
dataconfiguration (see Data configuration,
report builde)
dynamic image
properties, 197
size options, 200-201
updated values, 199
temperature by airport ID, 206-207
wind speed by airport ID
blank report, 182
border properties, 185
properties, 202-203
Report builder installation
binary data, 175, 177-179
database and tables, 158, 160, 162
weather data
character delimiter section, 167-168
data source, 163-164
destination location, 168-169
disappearing warning, 166-167
flat file source, 164-165
import/export data, 163
populated values, 165-166
query execution, 174-175
save and run, 171-172

source and destination information, 170-171

updated destination, 169-170
Reporting Services Configuration, 242-243
Report server

manage

caching interface, 219

data sources, 212-215

dependent items, 219

properties, 212

security, 221

snapshots, 220

subscriptions, 215-219

save, 221
view, 209-210

R models
execution, 93-94
foreign library, 95
ggplot2 package, 96
readme file, 89, 90
R interactive, 92

R tools for Visual Studio (RTVS)
change R to Microsoft R client, 49
data, 48
data science settings, 51-52
documentation and samples, 49
Download Community 2015, 34-37
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Download Microsoft R Open, 41-44, 46

Editor Options, 50

feedback, 50

Free Visual Studio, 34

Install Microsoft R Client, 49

Microsoft R Products, 49

plots, 48, 255-256

R documentation, 50

readme file
diamonds dataset, 60-62
execution, 56
foreign library, 57
ggplot2 package, 58-59
logarithmic scale, 63-64
model dataset, 65-66, 68-69
predicted_values dataset, 69-70
Rinteractive, 55

session, 47

survey/news, 50

tabular code, 256-257

Visual Studio Community, 34

Windows, 49

working directory, 48

S

Scale-out deployment, 144
Service account, 135
Services verification, 21-22
Setup and installation
configuration
database engine, 14
instance, 10-11
reporting services, 18
server, 12-13, 15
data directories, 15
feature selection, 8-9
folder structure, 4
installation window, 5
install rules, 7-8
license terms, 7
Microsoft R Open, 19
options, 5
product key, 6
ready to install screen, 19-20
RTVS (see R Tools for Visual Studio (RTVS))
SQL Server 2016 (see SQL Server 2016)
TempDB, 16
Software change request process
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