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PREFACE

The aim of this manual is to guide the user in the first steps of Fortran pro-
gramming with Visual Studio. We must not to confuse the Compiler with
the Integrated Development Environment (IDE); Compiler is in charge
of transforming the code written in a programming language (Fortran) into an-
other programming language (the target language). It generally translates the
source code from a high-level language into a lower-level (e.g. assembly language,
object code or machine code) in order to create an executable program. There
are many different types of compilers. IDE (Visual Studio), however, is a software
application that offers some facilities for software development.

Some of the functionalities that the IDE provides are a source code editor (text
editor), build automation tools, project manager, version management tools, a
debugger, intelligent code completion and a long etcetera. It’s possible to write
programs without IDE but it would be more difficult. This guide explains how to
install Microsoft Visual Studio 2017 (which accepts 36 different programming
languages) and Intel Fortran Compiler through Intel Parallel Studio XE 2018
in order to make possible compiling Fortran code with Visual. The installation
order is the mentioned, first the IDE and then compiler.
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It is necessary to understand the concepts of Source and Object Codes
and the differences between them:

“...source code is any collection of computer instructions, pos-
sibly with comments, written using a human-readable pro-
gramming language, usually as plain text. The source code
of a program is specially designed to facilitate the work of
computer programmers...”

(https:
//en.wikipedia.org/wiki/Source_code)

While Object Code:

“...is what a compiler produces. In a general sense object code
is a sequence of statements or instructions in a computer lan-
guage, usually a machine code language (i.e., binary) or an in-
termediate language such as register transfer language (RTL).”

(https:
//en.wikipedia.org/wiki/Object_code)



https://en.wikipedia.org/wiki/Source_code
https://en.wikipedia.org/wiki/Source_code
https://en.wikipedia.org/wiki/Object_code
https://en.wikipedia.org/wiki/Object_code
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CHAPTER

ONE

VISUAL STUDIO

1.1 Imnstalling Visual Studio

First thing we have to do is installing Visual Studio. We are going to use En-
terprise Version of VS 2017 with an academic license in Windows. Steps
are:

a) Downloading Visual Studio with academic license:

1. We click directly on this url; http://e5.onthehub.com/WebStore/
ProductsByMajorVersionList.aspx?ws=flbl1fc4-826f-e011-
971£f-0030487d8897&vsro=8&JSEnabled=1.

2. Log in (top right part), we have to write our institutional email (fin-
ished with @alumnos.upm.es) and enter with same password as our
personal account (figure 1.1).

3. In the search line we write “Visual Studio Enterprise 2017”. First
result is our IDE, we choose Add to cart and go to the Shopping Cart.

4. Follow the instructions shown. We will be asked for the name, surname
and an email for confirming the process (Figure 1.2 and 1.3).

5. Once we complete the information we see the details of the purchase
with the Order Number and the License Key (an email with the pur-
chase details is also sent to our account). Figure 1.4 shows the down-

3



http://e5.onthehub.com/WebStore/ProductsByMajorVersionList.aspx?ws=f1b11fc4-826f-e011-971f-0030487d8897&vsro=8&JSEnabled=1
http://e5.onthehub.com/WebStore/ProductsByMajorVersionList.aspx?ws=f1b11fc4-826f-e011-971f-0030487d8897&vsro=8&JSEnabled=1
http://e5.onthehub.com/WebStore/ProductsByMajorVersionList.aspx?ws=f1b11fc4-826f-e011-971f-0030487d8897&vsro=8&JSEnabled=1
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load button. License Key and Order Number should be saved for future
requests.

6. Click Download. The file vs_enterprise_xxxxx.exe should be down-
loaded in the download folder.

b) Installing:

1. Execute the installer vs_enterprise_xxxxx.exe, accept the conditions
and wait for the program to download and start installing.

2. Options will appear during the process. There are four different tabs:
Workloads, Individual Components, Language Packages and Installa-
tion folder. In Workloads we choose Desarrollo para el escritorio con
C++. In Language packages we choose: English or both Spanish and
English (See figure 1.5).

3. We click Install and wait (it might be slow).

4. Once finished we restart the computer.

5. Execute Visual Studio.

6. Start session with our Microsoft account, same as we have associated
to Windows, Skype and other Microsoft tools.

7. Initiate Visual Studio.

8. Activate the product by clicking on the arrow besides our name (top
right part of the Visual Window) and on Account Settings....

9. In the right part of the new window we click on the activation with
Product Key and paste there the Key we obtained, we accept and IDE
will be ready.

1.2 Nomenclature: Projects and Solutions

First, it is important to define the nomenclature used by Visual Studio. To
simplify, we would say that a project is a specific program written in Fortran
language or in other programming language and a solution is a set of different
programs.

As can be read in Microsoft Visual Studio documentation:
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1.2. NOMENCLATURE: PROJECTS AND SOLUTIONS
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Figure 1.1: Home page of the software repository of Microsoft, we log in and search for

Visual Studio 2017.

“...In a logical sense, a project contains of all the source code
files, icons, images, data files and anything else that will be

compiled into an executable program or web site, or else is
needed in order to perform the compilation. A project also
contains all the compiler settings and other configuration files
that might be needed by various services or components that

your program will communicate with.”

(https://msdn.microsoft.com/en-
us/library/bl42f8e7.aspx)

The configuration parameters of a specific project are stored in an XML file.
If the project is an Intel Fortran Project, the extension file is *.vfproj.

In the same Microsoft Visual Studio documentation, a solution is defined in

the following way:



https://msdn.microsoft.com/en-us/library/b142f8e7.aspx
https://msdn.microsoft.com/en-us/library/b142f8e7.aspx
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Figure 1.2: Version of Visual Studio chosen, Enterprise 2017. We have to write name,
surname and email.

“A project is contained, in a logical sense and in the file system,
within a solution, which may contain one or more projects,
along with build information, Visual Studio window settings,
and any miscellaneous files that aren’t associated with any
project. In a literal sense, the solution is a text file with its
own unique format; it is generally not intended to be edited

by hand.

A solution has an associated *.suo file that stores settings,

preferences and configuration information for each user that

has worked on the project.”

(https://msdn.microsoft.com/en-
us/library/bl42f8e7.aspx)

1.3 Visual Studio FAQ

Here some general concepts and ideas are going to be explained, from good prac-
tices to programming advice or quick explanations.

e How can I change the language of Visual Studio?

All this manual has been written taking into account that the IDE is config-



https://msdn.microsoft.com/en-us/library/b142f8e7.aspx
https://msdn.microsoft.com/en-us/library/b142f8e7.aspx
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Microsoft ImagineX L
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Al realizar este pedido, acepta todos los términos y condiciones de dichos articulos. Ver todos los términos y condiciones.

Volver a comprar

Figure 1.3: Shopping Cart with Visual Studio Enterprise 2017 chosen.

ured in English, if you have used Spanish for the default language is possible
to change it in Tools/Options/International Settings. There are options and
commands with no intuitive translation to Spanish so we recommend be-
come familiarized with the English version of the IDE.

e What do I have to know about line Numbers?

Why showing line numbers is useful can be clear, but there is a good practice
that appears when our code is going to be shown in a text document (IATEX);
it is useful to write before some subroutines, functions, etc. the line number
in a comment inside the code in order to “fix” a position of the whole code
and not move it when expanding the program. So when LaTeX looks for a
code and extracts some lines, the result will always be the same. With the
same purpose it is useful to leave some blank space between subroutine in
order to expand them without moving the rest of the code.

¢ What are Release and Debug?

They are two possible configurations, each one with its settings, that allows
to run the code in a different way. We can actually create more release
modes (Debug modes, or the name we prefer) with a different solution and
project configurations. We access the Configuration Manager by clicking
on Build/Configuration Manager or deploying the selector of Configuration
(where it says Release and Debug), there we can create new options or edit
those we have. For example, we could create one where default real KIND
is 4 and other where is 8, by changing between Release modes we would
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Figure 1.4: Details of our License Key and Order Number, we should save this informa-
tion.

run the code with the two behaviours (if we open the project options we
directly can change between Modes and change options mode by mode).

Debug mode will allow to run the code without optimiser turned on and
lot of information will be included in the build files so we can check our
program step by step, it can be useful for fixing bugs. However, if we are
developing Numerical Simulations and related programs, we will use another
kind of debugging; graphic assisted. Checking errors in the code starts with
the printing of those results and the validation of the program module by
module. That is why we include Dislin libraries in our program, to check
quickly results and decide if we have executed correctly our program, later
we will save the numerical results in order to plot them with another tool.

e Do I have to Start without Debugging my projects?

We have seen what Debug and release are so we now understand why one
of the IDE configuration (2.5) has been changing the command that starts
the program, from the Start with Debugging to this one, that goes directly
to the execution of the code in the Release mode (or the mode selected).

¢ Which commands do I show in my IDE?

Figure 1.6 shows some commands that are going to be highly used when
programming. First two decrease and increase the indentation and next two
comment and uncomment the code selected. Fifth one is the Start without
Debugging button already explained and the last buttons that are active
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Figure 1.5: Workload to be chosen in the installation process, desarrollo para el escritorio
con C++ will be selected. In language package we choose at least English.

compile and build our program. While the first compiles the current file,
the second builds the project or library selected and last builds the whole
solution (which we know can contain more than one project).

E%EEE_ D oA d

Figure 1.6: Very useful commands when programming, it is advisable to have them
shown.

¢ What should I know about navigation across files and codes?

There are some basic functionalities that are very useful when managing
big codes; first one is the Navigate Backward and Navigate Forward but-
tons (Figure 1.7) which has the same function as Back and Forward in
Windows OS but, instead of navigate across folders, we navigate across our
opened and recently viewed codes. Even more powerful tools are Go To
Definition and Find All Differences options. First we have to know how to
activate them; we click on Tools/Options.../Text Editor/Fortran/Advanced
and we select True in options Enable Find All References and Enable Go
To Definition as seen in figure 1.8.

They are really useful tools; Go to Definition allow us to find the declaration
of any variable in our code, if we for example have a big program and we
don’t know what a variable is, we click with the right button of our mouse
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Figure 1.7: Navigation buttons.

Search Options (Ctrl+E) A~ | v Browsing/Navigation ~
R Ted Editor ~ Collect Call/Callers graph information  False
General Collect Object Browser information False
File Extension Disable Database False
b All Languages Enable Database Saving/Loading False
b Basic Enable Find All References True ~
p CE Enable Go To Definition True
b C/C++ Scan system includes False
b CoffeeScript v Intrinsics
» CSS Enable Intrinsic Parameter Info False
4 Fortran Enable Intrinsic Quick Info False
General v Miscellaneous
Scroll Bars Enumerate Comment Tasks True
Tabs Highlight Matching Tokens False )
Advanced
b HTML Enable Find All References
p HTML (Web Forms) Enable or disable "Find all references” menu item in context menu.
b JSON v

Figure 1.8: Really interesting navigation options that will make the programming task
easier.

in the variable and click on that option, the window will automatically move
to the line where is defined (or open a different module file and points the
specific line). It can also open a new window with an specific file when we
ask for the definition of a subroutine or a function and it’s done in the same
way. It doesn’t work if the subroutine is in a module already compiled,
library, etc. but if we have included the source in our project we will be
able to navigate really quickly between those files.

Find All References, as the name says, will find in the whole project what
we are asking for. If it’s a variable we can know how many times (and
where) it is used, changed, printed, etc. and if it is a subroutine we can find
where it is called, and where it is defined for example. Once again we have
to click on the right button in the name of the thing we want to look for
and click in the option.
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Search Options (Ctrl+E) P v Browsing/Navigation A~
b Projects and Solutions ~ Collect Call/Callers graph information  False
N Somce Contiol Collect Object Browser information False
b Work ltems Disable Database False
4 Text Editor Enable Database Saving/Loading False
General Enable Find All References True
File Extension Enable Go To Definition True
> All Languages Scan system includes False
P Basic v Intrinsics
b C# Enable Intrinsic Parameter Info True
b C/C++ Enable Intrinsic Quick Info True
b CoffeeScript v Miscellaneous
b €SS Enumerate Comment Tasks True
4 Fortran Highlight Matching Tokens False -
General
Scroll Bars Enable Intrinsic Quick Info
Tabs Displays intrinsic signatures and descriptions when a user moves the pointer over an

Figure 1.9: Extra options: FEnable Intrinsic Parameter Info and Enable Intrinsic Quick
Info, both really useful when our codes become long and they are spread in multiple
source files.

Related to this we can also remark that Visual Studio has a search engine
that can be very useful to have shown in our toolbars, we’ve already seen
how to do it before, the command is Find in files or just Find and also
it can be minimized and put everywhere in the screen, ready to be used
whenever.

Finally, two extra options are Enable Intrinsic Parameter Info and Enable
Intrinsic Quick Info, both can be found in Tools/Options.../Text Editor/-
Fortran/Advanced also and should be activated (see figure 1.9). First “dis-
plays the signature of an intrinsic in a tooltip when a user types the param-
eter list start character”, this means that information about the procedures
and arguments will appear when typing a parenthesis after an intrinsic func-
tion or subroutine. Figure 1.10 shows an example with the cosine function.
Second option displays intrinsic information and descriptions when we place
the pointer over an intrinsic name. Figure 1.11 shows a list of arguments
associated to the subroutine.
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Figure 1.10: Example of Intrinsic Parameter Info.
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e What should I know about files and formats?

We have read in the introduction about source codes and object codes, the
program we write needs of both codes, first one will be what we write with
Fortran language and second will be the translation that the compiler makes
in order to make them understandable for computers. The source code we
write when using a programming language is stored in text files, in Fortran
case those files has extension .f90, .f or .for for example.

In order to execute that program we can choose between using an interpreter
(it adapts the instructions while they are found in the code) or a compiler
(translates the code to machine language), we are interested in compilers. It
works developing two sub processes, first verifies that the source code is well
written, fulfilling with syntactic and semantic Fortran rules, once finished,
it creates an intermediate code called object code (with extension .obj
in Windows OS). Second sub process consists in linking the object code
with other codes stored in libraries, the extensions used here are .dll for
shareable library files and .mod for module files (created if a source file
being compiled defines a Fortran module, which means, it uses MODULE
statement). Finally the compiler optimize the code and converts it in an
executable program (.exe in Windows).

The .mod files has the interfaces of the modules that we have compiled,
example.mod contains the necessary information regarding the modules that
have been defined in the program ezample.f90 and they are created with
the .obj file also, when compiling that project. Actually, a .mod file is
created for each module defined in our source (.f90) file and a .obj one will
appear for the whole source. The module interfaces share the name with
the modules and the object file has the same name as the source, typically,
we can define one module in each file and assign the same name to the
module and the source file (it’s not a requirement but it helps to organize
everything). More of this can be broaden in [10], Lionel [4] and [5]

The history behind the file extensions of the source codes in Fortran can be
broaden in Conic-Jacob [1] or Lionel [3].

Regarding Visual Studio files we can see .sln which is the format where
Visual stores our solution, there we open our projects associated. With the
solution appears a configuration file with extension .suo, as it is said in the
on line manual of Visual Studio:
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“The solution user options (.suo) file contains per-user
solution options. This file should not be checked in to
source code control.

The solution user options (.suo) file is a structured stor-
age, or compound, file stored in a binary format. You save
user information into streams with the name of the stream
being the key that will be used to identify the information
in the .suo file. The solution user options file is used to
store user preference settings, and is created automatically
when Visual Studio saves a solution.”

(https://msdn.microsoft.com/es-
es/library/bb165909.aspx)

Inside our solution folder we find folders with the different projects and the
file with extension .vfproj stores everything needed to open those projects.
That specific extension makes reference to an Intel Fortran project file while,
for example, .icproj would be the file created for C++ compiler.

More information about formats can be found in official documentation of
Intel Fortran Compiler ([9]), also in the manual [2] or in [6]. Figure 2.17
summarise some of the extensions used.
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Figure 1.12: List with common file extensions used in Intel Fortran projects.

File Extension Contents

.asm Intermediate Assembly file, passed to the assembler
.exe Output Executable, dynamic- link library, or library files
dll
lib
LFi Source Header files
. fd
.for Source Fortran source files (fixed format)
.E
-fpp
. £90 Source Fortran source file (free format)
.def Source Linker
.idl Source Microsoft IDL (non-Fortran)
Lilk Intermediate Incremental link file
.map Output Map file; output from the linker
.mod Intermediate Module file; created if a source file defines a Fortran module
.obj Intermediate Object file; passed to the linker
.pdb Output Program debug database file
(Debug)
.tbl Output (MIDL)  Type library; passed to Resource
.rc Resource Resource file (non-Fortran)
.res Intermediate Resource file; passed to the linker
.sln Solution Visual Studio® solution file and solution options file
- 3U0
.viproj Project Intel® Fortran, Intel® C++, and Microsoft Visual C++* project files
.icproj

.Vcproj
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CHAPTER

TWO

FORTRAN PROJECTS

2.1 Installing Fortran Compiler

The Intel Fortran Compiler must be installed in the computer and it should be
recognized by the Visual Studio environment.

a) Downloading Intel Fortran Compiler with academic license:

1. We first click on the url: https://software.intel.com/en—us/
qualify-for—-free-software/student.

2. Click on Windows* option of Intel Parallel Studio XE (Figure 2.1).

3. We will have to accept four options related to the use we are going to
make of the software, we mark all of them and click on Accept (Figure
2.2).

4. Now we have to complete some personal information (Figure 2.3). It is
important to write the institutional email in the box in order to receive
our serial number for the installation and confirmation email for the
account we are going to create.

5. Click on Submit.
6. Fill in the form for the Intel Fortran register an account (Figure 2.4).

7. Click on Register an Account. We should receive a confirmation email.

17
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8. The email has a download button and a Serial Number.

9. Click on download and select Intel Parallel Studio Cluster Edition for
Windows™* (all tools) and version 2018 Update 3.

10. In order to avoid future problems during compilations we click on Full
Package in the Download Options. The file: parallel studio_xe_2018.....
.exe should be downloaded (Figure 2.5).

b) Installing:

1. Execute the file: parallel _studio_xe_2018..... .exe.

2. Click on Nezt (Figure 2.6).

3. Then we have to consent or not the collection of private information.

4. Click next.

5. Now installer shows warnings related to the needed modules (it should
not block the installation so we continue), click on Next.

6. Provide the Serial Number.

7. Final step is clicking on Install and wait (once again it can be slow).

After installation has finished we can start configuring the IDE, creating our
Fortran project and running programs.

2.2 Create a Fortran project

To create a Fortran project, proceed with the following steps:

1. Open Visual Studio 2017.
2. Click on File/New/Project... (Figure 2.7).

3. In the Intel(R) Visual Fortran menu select Console Application and then
click on Main Program Code.

e~

Change Name (project name) to “P1” (Figure 2.8).
Change the Location of the solution to /Desktop/Informatics.
Change the Solution name to “Semesterl”.

Select option Create directory for solution.

©® N o

Click OK.
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-_"-“f' "‘-"_w Get More Information Quick Links
Qualifications User Support Forums >

Full Product Information >

Free Software

art-time matriculated students that are currently

jranting higher education institution and have Software End-User License >

Free Inlel® Performance
Libraries >

Modern Code Training >

Public Curriculum >

PARALLEL
STUDIO XE

Intek® Parallel Studio XE
Simplity the creation and modernization of code with the lates! lechniques in veclorization

multithreading, multinode, and memory optimization

.

Figure 2.1: Different available option for installation, we choose Windows version.

2.3 Compile, link and execute the “Hello world” ex-
ample

In order to check that everything is correctly installed, we will run the easiest
example. This is usually called: the “Hello world” example. This example is
written automatically when we select Main Program Code. This program opens
the window console, writes the message “Hello world” and after pressing the enter
key, it closes the window console.

If we want to execute this Fortran program, a translation to machine code
must be done. This compiling and linking process is done automatically by Visual
Studio by clicking the right button. This automatic process is accomplished by
the two steps. The source file p1.f90 is translated to an object code pl.o0 and
then it is linked to other components to create an executable file: p1.eze.

To compile, link and execute the program follow the next steps:
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Student Program

Compensated Academic Researchers and Professors please go to: Academic Developer Program

Thank you for your interest in the Intel® Software Development Products, Under the Student Program, we are making Intel® Software Development
Products available to current students attending an institution of higher education in order to help students develop new skills in science, technology,
engineering or mathematics. If you are a student, please proceed below,

To receive the Intel® Software Development Products under the Student Program all of the following statements must be true as they apply to you.
Check the boxes below only if the corresponding statements are true about you. Click the "Accept” button to proceed with your product registration
under the Student Program.

B4 1am a full or part-time matriculated student currently enrolled at a degree-granting higher education institution defined as a public or private,
wvocational school, correspondence school, junior college, college or university

[ 1 am an individual applying for a license to use the Intel® Software Development Products solely on behalf of myself for my personal,
educational, and non-commercial use.

[ 1 understand and agree that | will not be compensated in any form for applications developed or maintained with the Intel® Software
Development Products.

[ 1 understand that | may seek technical support from the community user forums and that Priority customer support service is not available for
the Student Program.

By participating In this program, you are confirming that you are at least 18 years of age.
Please visit the Student FAQ for more information.

Decline

intel tokes your privocy seviously. Refer to intel s Privocy Notice and Serial Number Validation Notice regarding the collection and handling of your personal infarmation, the intel

product's serial number and ether information

This software is subject to the U.S. Export Administration Regulations and other U.S, law, and may not be exported or re-exported to certain countries {Cuba, Iran, North
Korea, Sudan, Syria, and the Crimea region of Ukraine) or to persons or entities prohibited from receiving LS. exports fincluding Denled Parties, Specially Designated

Nationals, and entities on the Bureau of Export Administration Entity List or involved with missile technology or nuclear, chemical or biological weapons).

Figure 2.2: We select all the conditions and click on Accept.

1. BUILD/Build solution or click on the corresponding icon. The program is
compiled and linked.

2. DEBUG/Start Without Debugging or click the corresponding icon. The
program is executed.

2.4 Include new projects and new files

We can check in the location chosen that a .sln file, a folder with the name of
the project and a .vfproj file inside have appeared. If the Solution is already
created and we just want to open it we double click on the .sin file or click on
File/Open/Project/Solution... and look for our .sln file. Later, if we want to
include another project in that solution we:
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Thank you for your interest in Intel® Parallel Studio XE Cluster Edition
for Windows*

Student Product Request

Email *

pARALLEL [

First Name *

STUDIO XE

Country [ Region * [Please select] j
College *
By submitting this form, you are confirming you are an adult 18 years or older and you agree to Intel contacting you with

marketing-related emails or by telephone. You may unsubscribe at any time. Intel’'s web sites and communications are subject
to our Privacy Notice and Terms of Use

Figure 2.3: Personal Information to complete in order to get the license.

1. Click on File/New/Project....

2. In the Intel(R) Visual Fortran menu select Console Application and then
click on Empty Project.

3. Write the name of the new project.
4. In Solution we select the option Add to solution.

5. Click on OK.

6. Before closing Visual Studio we click on Save AllL

Including files in our project is easy;

1. Right click on the name of our project (in the solution explorer).

2. Click on Add.
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3. Click on New Item... if we are going to start from scratch (or click in
Ezisting Item... if we add it from an existing one).

4. Click on Fortran Free-form File (.f90).
5. Write the name of the file.

6. Click on Add.

The file appears in the source folder but we could grab and drop it in the
root location of the project so it appears in the same level as Source, Resource
and Header folders. For those files that we include in our project from a different
location (not the folder where we store all the project) we have to remember that
Visual Studio will look for it in the original location next time, so we cannot
change location. We can better save a copy in our project folder and include it
in the project from there.
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Intel® Products

Register an Account

My Profile
Please fill in the form below and click the Submit button to sign up for an Intel® Developer Zone
account. .
Signin
Account Details
Resources
Email Address * | @alumnos.upm.es ‘

Questions & Answers

Login ID * I ‘

Login ID Requirements

Password * | ‘

Confirm Password * | ‘

To help protect the security of your information, Intel requires that passwords adhere to the Intel
Password Guidelines. Please see the Intel Password Agreement for the terms of use for passwords.

First Name * | ‘

Last Name * | ‘

Country / Region * | Spain v

M Product s for Personal Use
[ Yes, I would like to be contacted to learn about additional Intel® software products and
training.
[] Yes, I would like to receive Intel® Software Product update notifications.

[ Yes, 1 would like to be contacted to learn about Intel® software trainings.

Intel values your privacy. By submitting this form, you are confirming that you are an adult 18 years of
age or older and that you consent to Intel collecting and using your registration data (“Information”) as
outlined below.

The Information will be used to identify you as a user of Intel Software and it will allow us to provide you
with technical support services and product update notifications. The Information may also be shared
with Intel's distributors and resellers for marketing and sales related purposes.

Intel will retain the Information indefinitely until you withdraw your consent using the link
https://registrationcenter.intel.com/accounts/clearall/carlos.moralesb@alumnos.upm.es. Once you
withdraw your consent, Intel will delete the Information from its customer registration database within
30-days and you will no longer receive technical support services and product update notifications. For
more information on Intel’s Privacy practices, please visit http://www.intel.com/privacy.

[ 1am an adult 18 years of age or older and | consent to Intel collecting my Information

Figure 2.4: Register an Account in Intel Developer Zone, after filling in all the information
we click on Register an Account.
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intel)

Intel® Parallel Studio XE Cluster Edition for Intel® Products

Windows*

2018

4

PARALLEL

STUDIO XE

My Profile

Your registration for the Intel® Parallel Studio XE Cluster Edition for Windows* has Sign in
been approved. You will receive an email with download instructions for future
reference,

Resources
Serial number : 2TC3-PLMT6FOP

‘Questi Answers

« Save this serial number. You may need it to activate your product in the
installer.

« For your reference, you will receive an email that includes your serial number
and download instructions.

Choose a Product

Intel* Parallel Studio XE Cluster Edition for Windows* (all tools) £

Choose a Version

2018 Update 2 -

Build date: 13 Mar 2018
Release Notes | ReadMe | Installation Guide

Choose a Download Option

| want to download only the compenents | need. Time and space are important
to me. While I'm connected to the internet, | can either install immediately or
download for later offline installation on the same or another computer. Initial
download 21 MB, max download 3506 MB based on component selection.

Customizable Package

| prefer a single large install package with all components. | can install offline
after downloading the entire package. Download size 3506 MB.

Related downloads »

Figure 2.5: Downloading page for Intel Parallel Studio where we choose Intel Parallel
Studio Cluster Edition for Windows* (all tools) and version 2018 Update 3.
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Intel(R) Parallel Studio XE 2018 Update 2

Cluster Edition for Windows*

Please choose
@) Install to this computer

(") Download for later installation on this or another computer

Destination Directory:
C:A\Program Files (x86)\IntelSWTools I n

Target platform architecture: IA-32 Intel® B84

Intel C++ Compiler 18.0 Update 2 for Windows™ Target ~
Intel Visual Fortran Compiler 18.0 Update 2 for Windows* Target

Intel Math Kernel Library 2018 Update 2 for Windows™ Target

Intel Integrated Performance Primitives 2018 Update 2 for Windows™* 1
Intel Threading Building Blocks 2018 Update 2 for Windows™ Target

Intel MPI Library 2018 Update 2

Intel Data Analytics Acceleration Library 2018 Update 2 for Windows™ "
Intel Debugger Extension 7.12

Intel Debugger for Heterogeneous Compute 2018

Intel VTune Amplifier 2018 Update 2

Intel Inspector 2018 Update 2

Intel Advisor 2018 Update 2 bl

Reguired: 13GB, Available: 555GB Select

[ <) (] (] (<] (<] (<] [m] ] [<] [<]

lecommende
Select A

r'_|,|

o

By clicking "Next", | acknowledge that | accept the
End User License Agreement (EULA).

Back Next Cancel

Figure 2.6: Options before installation. We select the options shown here and click on
next.
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:QJ Microsoft Visual Studio
FILE EDIT VIEW PROJECT DEBUG TEAM VMICRO TOOLS TEST AMNALYZE WINDOW  HELP

New * i3 Project.. Cul+Shifti-N  |E _ =
Open Y % Fle. Cird+N O oOther- =
@ StartPage Project From Existing Code...

Fortran Project From Existing Code...

s Arduino Project

I Seve Selected tems CtrleS

Save Qutput As...
& Savean Ctrl=Shift+S
Source Control L3
Page Setup...
Print... Ctrl+P

[ 1li=]

Account Settings...

Recent Files >

Recent Projects and Solutions ¢
B Edt Alt=F4

Figure 2.7: Creating a Solution + Project, step 1.
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TEST  ANALYZE  WINDOW  HELP
0= -RAGE ., B
W intclkBMH - P - COMID - B Other- s

b Recent Sort by: Default Q[ Search (CtrivE) 2
el -' Empty Project Intel(R) Visual Fortran | 17P: Intel(R) Visual Fortran
b Visual C++ - A preject for cresting s command-line
4 Intel(R) Visual Fortran B Mein Program Cade Intel{R) Visusl Fortran  2PRlication
Library
QuickWin Application
Windowing Applicstion
COM Server

b Other Project Types

b Online

Mot finding what you are locking for?
Open Visual Studio Installer

Name: Console2
Location: D:\Miguel - Browse.. |
Salution nameé Cansoled [#] Creste directory for solution

[7] Add to Source Contral

neration

I
&

Figure 2.8: Creating a Solution + Project, step 2.
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2.5 Configuring IDE environment

Although this can be learnt while using the IDE, it is useful to have some quick
ideas about how to change basic options related to aspect and menus.

Assuming we have installed the English version we click on Tools/Options...
and start deciding our preferred configuration in the Environment menu like for
example the colour theme in General section (Dark, Light, Blue, etc.) or the time
we want to save the AutoRecover information. We can also change here the fonts
and colours of the programming language or the default options for the Startup
(first window that appears). In the Text Editor menu in Fortran section it is
mandatory to activate the line numbers and check that we have Insert Spaces
marked in the tab options. That is because Fortran does not recognise tab as
a character so we could find warnings each time we compile a code with tabs
instead of spaces (specially with other compilers like GFortran). We can mark
those same options in the menu All Languages too.

Related to the windows, the way of working is the same as Windows OS: so
we can change position, make them fixed or floating, configure different options,
etc. We can decide for each window in a little arrow located in the right upper
part, also close those we don’t need or open new ones in View tab. Solution
Ezxplorer, Propertiecs Window, Bookmark Window or Output are some windows
we could need. It is essential to have Solution Explorer and Output windows
visible and in the position we prefer (Figure 2.9 shows an example of the distri-
bution). If we want to move the windows we grab it and Visual Studio will show
us some default positions we could choose, we just have to drop it in the little
boxes it shows (or drop it in a floating point).

Apart from the windows we can personalise toolbars and commands, it can
be done in two ways; clicking on the right part of each toolbar we see option Add
or Remove Buttons which deploys a list of default options for that bar (Figure
2.10). We can also click on Tools/Customize and we access two tabs, Toolbars
(Figure 2.11) which can show and hide a big list of toolbars and Commands where
we can select any of them, add and delete commands from there and also add
new buttons that are not in the bar by default (figures 2.13, 2.12 and 2.14).

In figures below we can see that Text Editor, Standard, Build and Micro
toolbars are shown. Figure 2.12 shows that Standard bar includes new commands
like Find in Files, Solution Explorer and Properties Window while Build bar
(figure 2.13) includes Compile command and the most important; Start without
debugging. It is necessary to have quick access to this command because most
of the times (we could say always) we won’t use this debugger and we just want
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]

Figure 2.9: Example of windows distribution with a Fortran project already opened.

to run the code directly without debugging. Rest of the buttons will be explained
later. The toolbar Text Editor (figure 2.14) is really useful while writing code
because of the Comment and Uncomment commands or the new ones added,
Line Indent and Line Unindent. We should organize buttons and include those
we use 1more.

Once we have finished the configuration of the environment it is interesting
to make a backup copy in order to restore it if we reinstall Visual Studio, if
we work in two different computers or change our personal computer. We go to
Tools/Import and Ezxport Settings/Export selected environment settings, click on
Next twice and choose where to save it. We can import the configuration in the
same place choosing Import selected environment settings and looking for our file
previously created. Actually, this manual is accompanied by a settings file called
“Exported-2018-05-23.vssettings” which has all the changes explained (only IDE
configuration!).
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Figure 2.10: Add and Delete option for the buttons that appears in the toolbars.
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Toolbars | Commands

Toolbars:
(] Graphics ~ ew.
(] HTML Source Editing

(] Image Editor

[] Intel Advisor 2018

(] Intel Inspector 2018

(] Intel VTune Amplifier 2018

[ ] Layout

Micro Boards

Micro Programmer

Micro Project

Micro Serial Communications

[_] Query Designer

[ ] Ribbon Editor

[ ] Source Control

[ ] Source Control - Team Foundation

Standard

[_] Table Designer

[_] Test Adapter for Google Test

Text Editor v

Delete

i

Location:

Top v

| Keyboard... | | Close

Figure 2.11: Tab Customize, it allows to show and hide toolbars for the IDE.
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Commands

Choose a menu or toolbar to rearrange:

) Menu bar: Menu Bar

® Toolbar: Standard v

() Context menu:  Tfs

Controls:

>

il

Add Command...

Z MultiLevel Undo N Add New Menu

MultiLevel Redo v

Solution Configurations -

I Move Up ‘

Browser Link -

£°  Find in Files Modify Selection
Go To Find Combo -

Rl  Solution Explorer Reset All

y 4 Properties Window

EB Error List

1 Command Window

| Keyboard... | | Close |

Figure 2.12: Commands tab, for adding commands to selected toolbar or menu (Standard
Toolbar).

Commands }

Choose a menu or toolbar to rearrange:
() Menu bar: Menu Bar

® Toolbar: | Build v

() Context menu:  Tfs
Controls:

Start Without Debugging Add Command...
Compile

Build Selection
Build Selution

Fe fe 2 v

il

Move Up
Transferm All T4 Templates

Cancel
s Modify Selection

Reset All

[ Keyboard... | | Close |

Figure 2.13: Commands tab, for adding commands to selected toolbar or menu (Build
Toolbar).
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Commands

Choose a menu or toolbar to rearrange:
) Menu bar: Menu Bar

® Toolbar: | Text Editor

() Context menu:  Tfs

Controls:
¥ Quick Info | Add Command... |
= Toggle Completion Mode | Add New Menu |
= Selection Comment | Delete |
2z Selection Uncomment Move Up ‘
=€ Line Unindent
3= LineIndent | Move Down |
| Modify Selection |
| ResetAll |
Keyboard... | | Close

Figure 2.14: Commands tab, for adding commands to selected toolbar or menu (Text

Editor Toolbar).
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2.6 Configuring Fortran Project

In previous section we’ve seen how to configure general VS settings, which are
not related to the Fortran project configuration. For each project inside our
solution, or any project we create from now on, we should define some compilation
(and related) properties. It’s actually possible to define some properties for indi-
vidual source code files (Click right button on the name and click on properties)
but we are going to treat here some of those that involve the whole project.

With the project opened and selected in the solution explorer (specially if
our solution has more than one) we click on Project/Properties, those changes we
make will only affect the project selected. If we have selected a file inside the
project, the properties shown will be the individual file properties so we should
take care of this. Here we have to understand that a change in the properties of the
project will change all internal files except those we have change individually, for
example; if we change default Real KIND for Fortran/Data in a “example.f90”
file, we will see that changing the same option in the project configuration we
change all files not modified but “example.f90” does not change. What’s more, a
red spot will appear in the symbol of the file (in the solution explorer) and, if the
option does not have the compiler’s default value, the value will appear in bold.

Having said that, let’s take a look at important options in Project/Properties:

e In Fortran/Data/Default Real KIND; we have to change the default value
to “8 (/real_size:64)”. Thus, when we write in our code “real :: x” the
default kind of the x will be 8 bytes (double precision) and we do not have
to specify “real(kind=8) :: x”. When we use this trick, we get used to write
only “real :: x” and not mix different precisions in the same code, and when
we want to run our program with simple precision we just have to change
this property and the whole program will run with simple precision.

e Stack Overflow can occur in our software for many reasons, it happens when
the call stack pointer exceeds the stack bound ([7], concepts like call stack
can be found in [8]). One of the main reasons of stack overflow appears
when allocating more memory on the stack than will fit (local array vari-
ables too large for example). So, in order to extend the size of the stack in
these cases we change configuration clicking on Linker/Command Line/Ad-
ditional Options: and writing “/STACK:100000000”.

e In Fortran/Command Line/Additional Options: write “/assume:realloc_lhs”
in order to enable automatic reallocation, it decides if using current For-
tran Standard rules o old Fortran 2003 rules related to this option, which
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is described as:

“Tells the compiler that when the left-hand side of an as-
signment is an allocatable object, it should be reallocated
to the shape of the right-hand side of the assignment be-
fore the assignment occurs. This is the current Fortran
Standard definition. This feature may cause extra over-
head at run time. The option standard-realloc-lhs has the
same effect as assume realloc_lhs.”

(https://software.intel.com/en-
us/node/678222)

35
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2.7 Configuring a graphic library: DISLIN

DISLIN is a plotting library for Fortran and C languages that allows a quick plot
of results when we are making a lot of tests with the code or debugging (graphic
debugging) our program. It can be called from our main program or subroutines
and “contains routines and functions for displaying data as curves, bar graphs, pie
charts, 3D-colour plots, surfaces, contours and maps”. In order to add DISLIN
libraries to our project, we have to add the files to it by following steps:

1. Download the DISLIN distribution package required for our machine. From
the web http://www.mps.mpg.de/dislin/win-32-bit, we choose Intel Fortran
compiler package.

2. Unzip the downloaded file and look for:
disdll_d.dll, disdll_d.lib, disifc_d.lib dislin_d.f90
It is assumed that our calculations are done in double precision and that’s
why double precision files (*_d.lib, dislin_d.f90) are selected.

3. Create a folder named DISLIN and locate those files on it.

4. Include this folder in our visual Studio project.

5. Locate de file disdll_d.dll and copy it into the release folder or into the folder
where the executable file is located. If this file is not properly copied, an

error will jump when trying to execute the program saying that cannot find
the .dll file.

6. Configure the project to avoid errors (Figure 2.15). Open the project prop-
erty pages and check that in Fortran/Libraries/Runtime Library it is writ-
ten “Multithread DLL (/libs:dll /threads)”.

7. Configure the project to avoid duplications. Open the project property
pages in Linker/Input/Ignore Specific Library and write “LIBCMT;libifcoremd”
A detailed image of the configuration process is shown in Figure 2.15.

Once the configuration process has been done and the different projects have
been created, the solution explorer look like in Figure 2.16.
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Cenfiguration: |Re£ease v| Platform: |\0\ﬁn32 V| ‘ Configuration Manager... |

4 Configuration Properties A Runtime Library Multithread DLL (/libs:dll /threads)
General Use Common Windows Libraries No
Debugging Use Portlib Library MNo
4 Fortran Use Intel Math Kernel Library Ne
General Disable Default Library Search Rules No
Optimization Disable OBJCOMMENT Library Names in ¢ No
Debugging
Preprocessor
Code Generation
Language
Compatibility
Diagnostics
Data
Floating Point
External Procedures
Output Files
Run-time
Command Line
> linker M

Runtime Library
Specifies the runtime library for linking. (/libs:{static|dll|qwin|qwins}, /threads, /dbglibs)

| Cancelar | Aplicar

Configuration: |Re|aase ~ | Platform: ‘VﬁnSZ ~ | Configuration Manager... |

Qutput Files ~ Additional Dependencies
Run-time Ignore All Default Libraries No
Libraries Ignore Specific Library LIBCMT:libifcoremd
Command Line Module Definition File

4 Linker Add Medule to Assembly
General Embed Managed Resource File

Force Symbol References

CiEnTi=ils Delay Loaded DLLs
Debugging
System
Optimization
Embedded IDL
Advanced
Command Line

b Resources

p MIDL

P Manifest Tool

p Build Events

B Custom Build Step T

v | | Specifies additional items to add to the link line (ex: kernel32.1ib); configuration specific,
< >

Aceptar Cancelar | Aplicar

Figure 2.15: Necessary configuration for the Project Properties in order to male the
program work with DISLIN, the fields to change are Runtime Library and Ignore Specific
Library.
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ﬂ FortranProjects - Microsoft Visual Studio
FILE EDIT VIEW PROJECT BUILD DEBUG TEAM VMICRO TOOLS TEST C

G - | Sl - T | | - - | Absolute Release ~ P Start '| » attoplug

5 com17 - O other~ 25| - Arduino 15 ~ | Themtto w/ AT

Solution Explorer
@a-|o-s a| k-

Search Solution Explorer (Ctrl+") P~

%d Solution 'FortranProjects’ (2 projects)
4 [A Graph
M Header Files
M Resource Files
4 ml Source Files
4 il dislin
AR disdll_d.dIl
B disdll_d.lib
B disifc_d.lib
B dislin_d.fo0
[ Graph.f90
B ReadMe.txt
4 H HelloWorld
M Header Files
M Resource Files
4 ml Source Files
B Helloworld.fo0
B ReadMe.txt

Xoqjoo] Jasojdx3 janies

Figure 2.16: Solution explorer for the project Graph showing the inclusion of dislin
libraries and dislin_d.f90 interfaces.
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Now our dislin example should work, take note of the subroutines used in
that example for plotting a curve in order to use it in future codes. In addition,
a complete dislin manual can be found in the dislin web page.

The following code allows to plot a sine graph in a very simple way.

program Graph

use dislin
implicit none

call sine_graph
contains

subroutine sine_graph

integer , parameter :: N = 100

real :: x(0:N), y(0:N)

integer :: i;

real :: PI = 4 % atan(1.);

real :: a, b;

a =0

b =2 % PI

x=[ (a+ (b-a) « i /N, i=0, N) ]
y = sin(x)

call scrmod(”reverse”)
call metafl ("XWIN’)
call gplot( x, y, N+1)

end subroutine

end program

To “use” this dislin module and call the subroutine in the main .f90, it is
advisable to write a “read(*,*)” line at the end of the program to avoid that
command line gets closed after finishing!

2.8 Fortran FAQ

Here some general concepts and ideas are going to be explained, from good prac-
tices to programming advice or quick explanations.
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e What are Static and Dynamic libraries? How can I create a .lib
file?

Let’s say we have some modules we feel comfortable about and we want to
create a library with them, we have to choose kind. In a Static Library that
code enters inside of the executable file once it is created, we could go to
another computer and run that program without problem, we have also a
quicker program as soon as it has all necessary code inside and doesn’t have
to look for outside. Disadvantages are; programs become heavier and if we
find a bug in the library code, we will have to recompile all programs that
use that lines.

Dynamic libraries are not in our executable file, so it is lighter and fixing
bugs is easier as soon as it is repaired for all programs once we change just
one file. However, we have to drag all libraries when moving the executable
to another computer and the execution will be slower because of the search
that program has to do when it needs those codes. We can see both have
advantages and disadvantages and one or another will be used depending
on the situation. Each of them is created, compiled and linked in a different
way.

We are going to see how to create a static library through an example:

1. We first create a project as seen before.

2. Then we add the main file, and paste there this example code:

program main
use floating_point_parameters
implicit none
call real_parameters

call test_divisions

end program

3. Now we close our project (saving) and open a new one, but with kind
Static Library (File/New/Project... /Installed/Intel(R) Visual Fortran/Li-
brary/Static Library). We take care of choosing name for the new
solution (name of the library) and project and choosing location.

4. We add to this Library project a .f90 file where we paste next example,
this will be the module we save in our library:
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subroutine real_parameters
real(4):: x

real :: y

write (*,%) 'Maximum value’, huge(x)

write (*,%) 'Minimum value’, tiny(x)
write(*,%*) 'Round_off’, epsilon(x)

write (*,%) ’Significant digits’, precision(x)
write (*,%) 'Maximum value’, huge(y)

write (*,%) 'Minimum value’, tiny (y)
write(*,%) 'Round_off’, epsilon(y)

write(*,%) ’Significant digits’, precision(y)

end subroutine

5. Then we save all, compile the file and build the project. We can see
that a .lib file (with the name of the project) and a .mod file (with
the name of the module) have appeared in the Release folder of the

project.

subroutine test_divisions
write(x,’ (a20, f17.15)’) ’'1.1/2. T, 1.1/2.
write (%, (a20, f17.15)°) ’1.1/2 , 1.1/2
write(x,’(a20, f17.15)’) ’1.1/2d0 ', 1.1/2d0
write (*,’ (a20, £17.15)’) ’1.1d0/2d0 ' 1.1d0/2d0
write (x,’(a20, f17.15)’) '1.1e0/2e0 ', 1.1e0/2e0
write (*,’ (a20, £17.15)’) ’1/3d0 ', 1/3d0
write (%, (a20, f17.15)’) ’1./3d0 ’, 1./3d0
write(x,’(a20, f17.15)’) ’1d0/3d0 ', 1d0/3d0
write (*,’ (a20, f17.15)’) ’1d0/3. ', 1d0/3.
write (%, (a20, f17.15)’) ’1./3. ' 1./3.
write(*x,’(a20, f17.15)) ’'1./3 7, 1./3
write (%, (a20, £f17.15)’) ’1/3 ' 1/3

end subroutine

6. We can now close the solution of the library and open our project.

7. Add to the project both files in the Source folder, using right click-
/Add/Ezisting Item/etc for example. We can copy them first in our
project folder and then include it from the IDE or link them to the
original folder, this option let us rebuild the library whenever we want
and our main project will be accessing always the latest version of the
library but then Library Solution should not be opened in the IDE.
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8. We build the project and run it without debugging.

There is an interesting result here, we obtain something like:

Maximum value 3.4028235E+38
Minimum value 1.1754944E-38
Round_off 1.1920929E-07

Significant digits 6
Maximum value 3.4028235E+38
Minimum value 1.1754944E-38

Round_off 1.1920929E-07

Significant digits 15
1.1/2. 0.550000011920929
1.1/2 0.550000011920929
1.1/2d0 0.550000011920929
1.1d0/2d0 0.550000000000000
1.1e0/2e0 0.550000011920929
1/3d0 0.333333333333333
1./3d0 0.333333333333333
1d40/3d0 0.333333333333333
140/3. 0.333333333333333

This means that both “real(4):: x” and “real :: y” are being considered
as simple precision, in order to make reals double precision by default we
follow 2.6 when building library and repeat the process.

What are Release and Debug?

They are two possible configurations, each one with its settings, that allows
to run the code in a different way. We can actually create more release
modes (Debug modes, or the name we prefer) with a different solution and
project configurations. We access the Configuration Manager by clicking
on Build/Configuration Manager or deploying the selector of Configuration
(where it says Release and Debug), there we can create new options or edit
those we have. For example, we could create one where default real KIND
is 4 and other where is 8, by changing between Release modes we would
run the code with the two behaviours (if we open the project options we
directly can change between Modes and change options mode by mode).

Debug mode will allow to run the code without optimiser turned on and
lot of information will be included in the build files so we can check our
program step by step, it can be useful for fixing bugs. However, if we are
developing Numerical Simulations and related programs, we will use another
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kind of debugging; graphic assisted. Checking errors in the code starts with
the printing of those results and the validation of the program module by
module. That is why we include Dislin libraries in our program, to check
quickly results and decide if we have executed correctly our program, later
we will save the numerical results in order to plot them with another tool.

e Do I have to Start without Debugging my projects?

We have seen what Debug and release are so we now understand why one
of the IDE configuration (2.5) has been changing the command that starts
the program, from the Start with Debugging to this one, that goes directly
to the execution of the code in the Release mode (or the mode selected).

e What should I know about files and formats?

We have read in the introduction about source codes and object codes, the
program we write needs of both codes, first one will be what we write with
Fortran language and second will be the translation that the compiler makes
in order to make them understandable for computers. The source code we
write when using a programming language is stored in text files, in Fortran
case those files has extension .f90, .f or .for for example.

In order to execute that program we can choose between using an interpreter
(it adapts the instructions while they are found in the code) or a compiler
(translates the code to machine language), we are interested in compilers. It
works developing two sub processes, first verifies that the source code is well
written, fulfilling with syntactic and semantic Fortran rules, once finished,
it creates an intermediate code called object code (with extension .obj
in Windows OS). Second sub process consists in linking the object code
with other codes stored in libraries, the extensions used here are .dll for
shareable library files and .mod for module files (created if a source file
being compiled defines a Fortran module, which means, it uses MODULE
statement). Finally the compiler optimize the code and converts it in an
executable program (.ere in Windows).

The .mod files has the interfaces of the modules that we have compiled,
example.mod contains the necessary information regarding the modules that
have been defined in the program example.f90 and they are created with
the .obj file also, when compiling that project. Actually, a .mod file is
created for each module defined in our source (.f90) file and a .0bj one will
appear for the whole source. The module interfaces share the name with
the modules and the object file has the same name as the source, typically,
we can define one module in each file and assign the same name to the
module and the source file (it’s not a requirement but it helps to organize
everything). More of this can be broaden in [10], Lionel [4] and [5]
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The history behind the file extensions of the source codes in Fortran can be
broaden in Conic-Jacob [1] or Lionel [3].

Regarding Visual Studio files we can see .sln which is the format where
Visual stores our solution, there we open our projects associated. With the
solution appears a configuration file with extension .suo, as it is said in the
on line manual of Visual Studio:

“The solution user options (.suo) file contains per-user
solution options. This file should not be checked in to
source code control.

The solution user options (.suo) file is a structured stor-
age, or compound, file stored in a binary format. You save
user information into streams with the name of the stream
being the key that will be used to identify the information
in the .suo file. The solution user options file is used to
store user preference settings, and is created automatically
when Visual Studio saves a solution.”

(https://msdn.microsoft.com/es-
es/library/bbl165909.aspx)

Inside our solution folder we find folders with the different projects and the
file with extension .vfproj stores everything needed to open those projects.
That specific extension makes reference to an Intel Fortran project file while,
for example, .icproj would be the file created for C++ compiler.

More information about formats can be found in official documentation of
Intel Fortran Compiler ([9]), also in the manual [2] or in [6]. Figure 2.17
summarise some of the extensions used.
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Figure 2.17: List with common file extensions used in Intel Fortran projects.

File Extension Contents

.asm Intermediate Assembly file, passed to the assembler
.exe Output Executable, dynamic- link library, or library files
dll
lib
LFi Source Header files
. fd
.for Source Fortran source files (fixed format)
.E
-fpp
. £90 Source Fortran source file (free format)
.def Source Linker
.idl Source Microsoft IDL (non-Fortran)
Lilk Intermediate Incremental link file
.map Output Map file; output from the linker
.mod Intermediate Module file; created if a source file defines a Fortran module
.obj Intermediate Object file; passed to the linker
.pdb Output Program debug database file
(Debug)
.tbl Output (MIDL)  Type library; passed to Resource
.rc Resource Resource file (non-Fortran)
.res Intermediate Resource file; passed to the linker
.sln Solution Visual Studio® solution file and solution options file
- 3U0
.viproj Project Intel® Fortran, Intel® C++, and Microsoft Visual C++* project files
.icproj

.Vcproj
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PYTHON PROJECTS

3.1 Installing Python Interpreter

Visual Studio also supports Python programming language projects and solu-
tions by selecting the Python Development workload during Visual Studio
installation. We can always

e Downloading and installing Python:

1.
2.

Open Visual Studio Installer application.

It may happen that the program requires an upgrade. Click on Update
and wait for the installation to finish.

. The next window shows the installed Visual Studio products. On

Visual Studio Enterprise 2017, click on Modify button (3.1). If the
Update button were to appear instead, click on Update and wait for the
installation to complete, the Modify button should be now available.

. In the Workloads tab select Python Development. Make sure that at

the right of the window on Summary panel under the Optional section
the first three elements are selected, Python 3 zz-bit (3.z.x) included
(3.2).

. Click Modify.

47
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After installation has finished Python projects can be created and configured
at the IDE.

Visual Studio Installer

Productos

Instalados

X)) visual Studio Enterprise 2017
15.8.4

Solucién DevOps de Microsoft para la productividad y
coordinacién de equipos de cualquier tamano

Notas de la version

Modificar Iniciar Mas =

Figure 3.1: Installed Visual Studio products.
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Medificande — Visual Studio Enterprise 2017 — 15.8.4

Cargas

P

Ubicacién

Componentes individuales Paquetes de idioma

111 NUDE, LTar TECURSUS ¥ COMmpiiar..

de trabajo

Desarrollo de Python
Edicién, depuracién, desarrollo interactiva y control de
cédigo fuente de Python.

Desarrollo de Node.js
Compile aplicaciones de rad sscalables con Node.js, un
entorno de ejecucidn JavaScript controlado por eventos...

Almacenamiento y procesamiento de datos
Conecte, desarrolle y prusbe solucianes de datos con 5L
Server, Azure Data Lake o Hadoop.

Aplicaciones de ciencia de datos y de analisis
Lengusjes y herramientas para crear splicaciones de cizncia
de datos, como Python, Ry F#,

Racarralln da Néfica 1w CharaDaint

C:\Program Files (x86)\Microsoft Visual Studic\2017\Enterprise  Cambiar...

Si continda,

indica que acepta la licencia de la edicién de Visual Studio que ha seleccionade. También

puede descargar otro software can Visual Studio. Este software tiene una licencia aparte, como se explica
en los avisos de terceros o en la licencia que incluye el software. Si continda, indica que también acepta
esas licencias.

Ubicaciones de instalacién
Detalles de la instalacion

> Editor de nucleo de Visual Studio
> Desarrollo para el escritorio con C++
v Desarrollo de Python #

Incluidos

v Compatibilidad con el lenguaje Python

Opcional
lad con plantillas cookiecutter
lad web con Python
Python 3 64 bits (3.6.6)
lad IoT de Python
Herramientas de desarrollo nativo Python
Herramientas principales de Azure Cloud Services
Python 2 64-bit (2.7.14)
Anaconda3 de 64 bits (5.2.0)
Anaconda? de 64 bits (5.2.0)
Python 3 32 bits (3.6.6)
Python 2 32-bit (2.7.14)
Anaconda3 de 32 bits (5.2.0)
Anaconda2 de 32 bits (5.2.0)

Espacio total necesario: 509 MB

Instalar durante |a descarga Modificar

Figure 3.2: Available Visual Studio workloads.
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3.2 Create a Python project

PYTHON PROJECTS

Creating a Python program is similar to creating a Fortran project as we have

previously seen. The steps are as follow:

1. Open Visual Studio 2017.
2. Click on File/New/Project...

3. In the Python menu select Python Application.

4. Change Name (project name) to “PyWorld” (Figure 3.3).

5. Select option Create directory for solution.

6. Change the Location of the solution to /Desktop/Informatics.

7. Change the Solution name to “Semesterl”.

8. Click OK.

Mueve proyecto

P Recientes Ordenar por: Predeterminado ~| &
4 |nstalade -PY
BJ Desde cadigo de Python existente Python
4 Visual C++
P . - PY|
Escritoric de Windows Aplicacién de Python Python
b Multiplataforma
MFC/ATL O Servicio de nube de Azure Python
Prueba
PY
Otro @ Proyecto web Python
4 Python =
Machine Learning @ Proyecto web de Bottle Python
Web =
[ Otros tipos de proyectos @ Proyecto web de Django Python
b Enlinea PY
Proyecto web de Flask Python
PY
@ Proyecto web de Flask/Jade Python
iNo encuentra lo que busca? r“ Agli 4n de IronPyth Pyth
Abrir el instalador de Visual Studio GI:J plicacién de lronPython ythen
Nombre: PyWaorld
Ubicacién: Ch\UserstimanohSeurce'\Repos'Semester] -
Solucién: Agregar a solucidn -

Nombre de la solucion: Semesterl

Buscar (Crl+E) 0o~
Tipo: Python

Proyecto para crear una aplicacion de
linea de comandos.

Examinar...

Crear directorio para la solucién

Crear nueve repositorio GIT

Figure 3.3: Creating a Python project.
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3.3 Execute the “Hello World” example

In order to check that Python works on Visual Studio, we will run a “Hello World”
example. Similar to the Fortran version, this example writes the “Hello World”
message on the console, but, on the contrary, Python does not include it and we
have to write it manually. Open the newly created Python project of the previous
section and write the following code:

print (" Hello World!”)

If we want to execute this Python script, the Python Interpreter program has
to be called for translating it to machine code dynamically. This process can be
done by Visual Studio by clicking a button.

To execute the script follow the next step:

1. DEBUG/Start Without Debugging or click the corresponding icon. The
program is executed on a new window.

3.4 Installing and removing Python Packages

Python is capable of downloading projects made by other teams and using it on
our own projects with little effort. This bundled projects or packages have been
tested by experts in order to ensure they correctly work and can help us in our
own projects by adding features that we do not need to code.

To install a package follow the next steps:

1. Open a Python Project.
2. Click on View/Solution Ezplorer or click on Solution Explorer tab.
3. Unfold Solution name/Python Environments menu.

4. Right click on Python z.x (xz-bit) and select Install Python package... (Fig-
ure 3.4).

5. Type the Package name to be installed and press Enter (Figure 3.5).
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6. A new window will ask for Administrator privileges, grant them to
complete the installation process.

2] Semester! - Microsoft Visual Studio ¥ & | nicio répido (Ctrl+Q) P - B x
Archive  Editar Ver Proyecto  Compilar Depurar Equipo  Hemamientas Prueba  Analizar  Ventana  Ayuda Iniciar sesién [
ig-0 B-uEH - - Debug - AmyCPU - P Depurador local de Windows - 5% _
B E-plorador de soluciones ERY Fyvordpy ® X =
i @E- o-s am s -
2 — print("Hello World!") +
& | Buscar en Explorader de solusiones (Ctrl+~) P~ e
§ &la] Solucién ‘Semesterl' (2 proyectos) T
S b Pl
G | 4 /B PyWorld
~ 4 [0 Entomos de Python
§ 4 [ig] Python 3.6 (64-bif) (valor predeterm
3 & pip (10.0.1) fetiverenteme
= 1 setuptools (30.0.1) Abrir ventana interactiva
2 = Referencias Instalar paquete de Python...
El 8 Rutas de biisqueda S R TS
H <7 PyWorld, S )
g & P Generar requirements.txt
Limitar el ambito a esto
B Nuevavista de Explorador de soluciones.
€ Abrir carpeta en el Explorador de archivos
Abrir simbolo del sisterna aqui...
Copiar ruta de acceso completa
A Propiedades Alt+Entrar
< » -
Explorador de soluciones | Team Explorer 100% ~| < Imanol, Hace 2 dias | 2 autores, 8 cambios.

4 Semester! "Y' master &

Figure 3.4: Install new Python packages on the python environment, step 1.

Entornos de Python > oI x
Python 3.6 (64-bit)
Python Software Foundation
Conectarse a Internet y obtener ayuda para encontrar otros ¢

+ Personalizado...

=+ Crear entorno de Conda...

Paquetes (PyPI) vl ?

numpy{

Comando de gecucion: pip install numpy
Instalar numphy

Instalar numpy

Figure 3.5: Install new Python packages on the python environment, step 2.

If a package is not needed anymore, it can be removed from the environment
by following the next steps:

1. Open a Python Project.
2. Click on Solution Explorer tab.

3. Unfold Solution name/Python Environments/Python r.x (zz-bit)/ menu.
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4. Right click on the Package name to be removed and select Remove (Figure
3.6).

A Semester! - Microsoft Visual Studio ¥ & | Inicio répide (Ctrl-Q) P - 8 x
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Buscar en Explorador de soluciones (Ctrl+) P N
Mostrar salida de: | General M E
afg] Solucion ‘Semesterl’ (2 proyectos) e e — N
b &l PI Collecting numpy
4 PyWorld Downloading https://files.p; 2/packages/15/7b/1623502¢18: b68b3¢7630b928c437 numpy-1.15.2-¢f
- 4 [ Entomos de Python Installing collected packages: numpy
B 4 [ Python 3.6 (64-bit) (valor predsterminado global  S4€¢es5fully installed numpy-1.15.2 . . .
B e You are using pip version 10.6.1, however version 18.8 is available.
g £3 numpy (1.15.2) X cuiter — perading via the 'python -m pip install --upgrade pip' command.
3 # pip (1L01) D nstalado correctanente -----
B & setuptools (39.0.1) & Propiedades Alt+Entrar
3 Referencias
) Rutas de bisqueda
& +P¥ PyWorld.py
4 3 -
Entornos de Python | Explorador de solucion... Tesm Explorer | « >

O Listo

Col1 Car1

Figure 3.6: Remove a Python package from the python environment.

3.5 Python FAQ
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CHAPTER

FOUR

4.1

4.2

ARDUINO PROJECTS

Install Visual Micro plug in

Create an Arduino Project

. Open Visual Studio 2017.
. Click on File/New/Project... (Figure 2.7).

. In the Visual C++ menu select Arduino Project.

Change Name (project name) to “HelloWorld”.

. Change the Location of the solution to /Desktop.
. Change the Solution name to “ArduinoProjects”.

. Select option Create directory for solution.

. Click OK.

Visual Studio will create a folder in the Desktop with the name Arduino-
Projects to hold the complete solution. Inside this folder another folder
name HelloWorld will contain the project HelloWorld.ino. In this case this
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project contains only one file. In order to be compatible with the Arduino
IDE this folder and the Arduino ino file should have the same name.

4.3 Execute the ”Hello world” example

The next step is to determine if the Arduino compiler is properly installed or
copy to same local folder.

To verify the installation, we will need any Arduino board and we will proceed
with the following steps:

1. Download the latest version of the Arduino IDE and unzip its content to
same folder.

2. Open the visual studio solution that we have created in the last step.

3. Select the location of the Arduino IDE from the VMICRO tab of the Visual
Studio window.

4. Select the specific Arduino board that we have.
5. Plug the Arduino board with a USB wire.

6. Select the Serial port in which the Arduino board is discovered: COMI,
COM2, ...

7. Copy and paste the following code in the HelloWorld.ino file:

// initial set up function: it configures the serial port
with 9600 bauds
void setup ()

{
}

Serial .begin (9600);

// the loop function runs over and over again until power
down or reset
void loop ()
{
Serial.println (” Hello world”);
delay (5000) ;

8. Click on VMICRO/Build & Upload.
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9. After the output windows shows: The upload process has finished, click on
the serial monitor for the selected port (Figure 4.1). It will open a serial

ﬂl ArduinoProjects - Microsoft Visual Studio
FILE EDIT VIEW PROJECT BUILD DEBUG TEAM VMICRO TOOLS

Q- | Al ~ T | - - | Absolute Release ~ P Start '| »
5 coM17 - B | Other~ - %X | Add Library ¥ Add Code | tAR O

Solution Explorer
QAE-[o-5sa@| o -

Search Solution Explorer (Ctrl+)

%] Solution *ArduinoProjects’ (1 project)
4 [%] HelloWorld
b =B References

1%
®
<
[}
=
m
=
=
o
=
®
=
—
[o]
o
o
(o]
x

P [m External Dependencies

b

+ Header Files
+ Resource Files
+ Source Files
b ++ HelloWorld.ino

Figure 4.1: Icon to open the Serial monitor close to the selected port: COM17

COM17 window that showing the results of the program. Every 5 seconds,
the message : ” Hello World ” will appear on the serial terminal.

4.4 Configuring complex projects

Visual Studio is useful when we are dealing with very complex projects in which
many libraries of different codes files are involved.

Besides of the internal libraries of the Arduino IDE, Visual Studio can share
external libraries with the Arduino project as any other programming language.
To configure specifically some project, we propose to start from a simple project
to increase gradually the complexity by adding different external libraries.

To do that, we will start from a new project named: Automation. This project
is going to blink a led by using an external file or shared item named: Leds.
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. Open the visual studio solution that we have created: ArduinoProjects.

. Add a new Arduino project to the same solution named: Automation as we

did to create Hello World.

Add a new share item: File/New/Project/Add/Visual C++/Arduino Shared
Code Project

. Select Add to solution.

Name Leds for the new project.
Create two files: LedClass.h and LedClass.cpp inside this share item.

Copy and paste the following code in the Ledclass.h file:

class Led
{

public:
int pin;

void on();
void off();

If5

Copy and paste the following code in the Ledclass.cpyp file:

#include 7 LedClass.h”
#include” Arduino . h”

void Led :: on()

{

digitalWrite (pin, 1);
}
void Led :: off()
{

digitalWrite (pin, 0);
b

Right click on References of the project Automation, Add references and
select Leds.

Click on VMICRO/Build & Upload.
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FIVE

CONFIGURING GIT AND GITHUB

5.1 Installing GitHub Extension

Visual Studio 2017 includes a GitHub extension for saving Git repositories on-line
on our account.

To check whether the extension is installed, follow this steps:

1. Click on Tools/Extensions and Updates...

2. Search for GitHub Extension for Visual Studio and download it (Figure
5.1).

3. Close all Visual Studio windows and follow the instructions of the GitHub
extension installer program.

5.2 VCS, Git and GitHub

It is important to define a few terms regarding Version Control Systems, VCS.
According to Visual Studio Docs, VCS are defined in the following way:
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Extensions and Updates ? X
P Installed Sort by: Relevance - |G\tHub X |'|

4 Online L GitHub Extension for Visual Studio = EE

4 Visual Studio Gallery A Visual Studio Extension that brings the GitHub Flow Version: 2.5.5.3913

Search Results Downloads: 69661009
b Controls lﬁl Open on GitHub Rating: (64 Votes)
—
b Templates =3 Visual Studio Extension for opening files on GitHub.com Release Notes
b Tools More Information

© Samples Gallery i Report Extension to Microsoft
J‘:p Fast Search in Google, Github etc.
b Updates (5) '7‘% A simple Visual Studic Extension to fast search in best-known sources

such as Google, Github etc.

@ GitHub Extension
Manage GitHub issues for repositories that you have commit access to.

You can filter and view issues for a repositery, edit issues, add comment...
@ EmojiVs
GitHub Emojis in Visual Studio

b Community TFS XAML Build Manager V52015
Community TFS XAML Build Manager ¥52015. Sourcecode is available in
GitHub - https://github.com/tfsbuildextensions/BuildManager

l»—_::l Adaptive.SimpleBinaryE ding.CodeG

e
EE Simple proxy generator for SBE (https://github.com/real-logic/simple-
binary-encoding)

Markdown Editor
A full featured Markdown editor with live preview and syntax
12

M¥

Change your Extensions and Updates settings

Close

Figure 5.1: Eztensions and updates window. GitHub extension can be installed, updated
or removed from here.

“Version control systems help you track changes to code over
time. As you make changes, the version control system takes
a snapshot of your files. The version control system saves that
snapshot permanently so you can recall it later if you need
it...”

(https://docs.microsoft.com/en-
us/visualstudio/version-
control/?view=vs-2017)

Git is a VCS created for tracking changes in computer files, making it ideal for
software development and one of the most popular choices. A project managed
by Git is called a repository and contains a .git hidden folder.

On the other hand, GitHub is a web-based hosting service made for Git where
any registered user can post their repositories. The benefit of using GitHub and
similar remote services is that multiple people can develop the same project at
the same time from any place.
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This chapter explains how to install Git and GitHub tools on Visual Studio
and summarizes the most basic commands in order to use Git properly in our
projects.

5.3 Create a Git repository of a solution

To add a Git repository to the solution, proceed with the following steps:

1. Open Visual Studio 2017.
2. Open a Visual Studio solution.

3. Right click on Solution name and select Add Solution to Source Control...
(Figure 5.2).

4. Click on View/Team Ezxplorer and check that the repository has been cre-
ated (Figure 5.3).

9 Semester! - Microsoft Visual Studio & | Inicio répide (Ctrl+Q) P - B x
Archive  Editar Ver Proyecto  Compilar Depurar Equipe Herramientas Prucba  Analizar  Ventana  Ayuda Iniciar sesion [
s ekl I Debug - Any CPU ~| B Depurador local de Windows - | 57 _
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fnt("Hello Horldi”
uscar en Exglorador de soluciones (Ctrl+ ) p- print("Hello World!™)

>+ .

Slucién 'Semester]’ (2 proyectos)
b ElPI
- PyWorld Recompilar solucién
b [0 Entornos de Python
»8 Referencias

Ee

Compilar solucién Crl+Mayiis.+B

Limpiar solucién
8 Rutas de bisqueda ST
P PyWorld.py Compilacién por lotes..
Administrador de configuracion..
B Administrar paquetes NuGet para la solucion...

g [P Restaurar paquetes de NuGet
EF  Nueva vista de Explorador de soluciones
B, Mostrar en mapa de codigo

Caleular métricas de cédigo
A Redestinar solucion

Agregar
£ Establecer proyectos de inicio.

7 Agregar solucién al control de cédige fuente...

Cambiar nombre
€ Abrir carpeta en el Explorador de archives
K Propiedades Alt+Entrar

Entornos de Python | Explorador de solucion... | Team Explorer 100 % -

[ Este elemento no admite la vista previa A Agregar al control de codigo fuente &

Figure 5.2: Adding Version Control to an existing Visual Studio solution.
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Team Explorer - Conectar
oY G

Conectar | Sin conexion -

Administrar conexiones «

4 Proveedores de servicio hospedado

GitHub

GitHub, Inc.
Powerful collaboration, code review, and code
management for open source and private projects.

Connect... Sign up @

4 Repositorios GIT locales (1)
Nuevo v | Agregar v | Clonar w | Opciones de vista

o Semester] | C:\Users\Imanol\Source\Repos\Semes...

Figure 5.3: Team Viewer tab. VS solutions with Git repositories are shown at Local GIT
repositories menu.

5.4 Save changes on a Git repository

In order to develop a project some files are modified, renamed or even deleted.
After reaching certain point, such as a working state of the code or fixing a bug,
we would like to save those changes on the repository.

To save or commit said changes on the repository, proceed with the following
steps:

1. Open an existing Visual Studio solution with Git repository.
2. Click on View/Team Explorer or on Team Viewer tab.

3. Click on Home icon ().

4. Click on Changes.

5. Write a short comment on the text area (Figure 5.4).

6. Click on confirm all .

5.5 Configure GitHub

Once we have GitHub extension working it is time to configure our account:
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T e - Cliny s
e @Y o

Cambios | Informatica = |H|

Rama: master

Fixed issue #18]

Confirmartodo *  Acciones =

4 Cambios (1) + -
el ChUsers\imanol\Desktop\Informatica\PyWorld
ES PyWorld.py

Figure 5.4: Changes section on Team Viewer tab. PyWorld.py script has changed since
last version and is going to be saved.

With the working GitHub extension we can upload our projects to the web
by using a GitHub account and configuring the project with a remote repository:

1. Open Visual Studio 2017.

2. Open an existing solution with Git repository.
3. On Team Viewer tab, click on Home icon.

4. Click on Sync.

5. On Publish to GitHub section, click on Sign in for logging in with an account
(Figure 5.5).

6. Push the repository to GitHub (Figure 5.6).

5.6 Import projects from GitHub

GitHub extension can download remote repositories and allow Visual Studio to
create solutions from said source code.

In order to import a repository, proceed with the following steps:

1. Go to Team Explorer tab.
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4 Insertar en Visual Studio Team Services
‘» Team Services
Microsoft Corporation

Compilaciones, elementos de trabajo, revision de codigo y
repositorios GIT privados gratis e limitados y mucho mas.
Mas informacién

Publicar repositorio GIT

4 Publish to GitHub.

GitHub
GitHub, Inc
Powerful eollaboration, code review, and code

management for open source and private projects.

Publish to GitHub

4 Insertar en repositorio remoto

N hay ningin repositorio remoto canfigurado para este
repositorio local. Establezca el repositorio remoto
publicandolo en la direccién URL de un repositorio vacio
existente.

Publicar repositario GIT

Explorador de soluciones | Team Explorer

43 #0 & informatica ¥ moster -

Figure 5.5: Team Viewer Sync tab. Git repositories can be published on remote servers
such as Team Services or GitHub

2. Click on Manage Connections icon ().

On GitHub section select clone.

> w

Select a Repository name (Figure 5.7).

Select a path for saving the repository.

Click on Clone.

Go to Team Viewer tab and click on Manage Connections icon (Figure 5.8).

Double click on the downloaded Repository name.

© % N o o

If there is no solution on Solutions section, select New... for creating it.

10. Create a solution for the repository according to the programming language
of the source code.

5.7 Download repository updates from GitHub

On teamwork, it is possible to have a person make changes on the remote reposi-
tory at some point. These changes must be pulled from GitHub in order to have
an updated code and make sure that all members work on the same source files.
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Private Repositor
Publish

4 Insertar en repositorio remoto

N hav ninarin renasitaria remoto confiaurado nars este.
Explorador de soluciones | Team Bxplorer

[ Liste 43 #0 & Infomaticc 'V master ~

Figure 5.6: Team Viewer Sync tab. With a GitHub account we can publish our Git
repositories.

In order to check for updates, follow the next instructions:

1. Go to Team Viewer tab and click on Home icon.

2. Click on Sync.
3. Select Recover for getting changes from the remote repository.

4. Click on FEaztract for applying said changes.

5.8 Upload local changes to GitHub

Once our project is ready for being published, it has to be pushed to the remote
repository so that every team member has access to the last updates.

This can be made by following these instructions:

1. Commit changes of the current project.
2. Go to Team Viewer tab and click on Home icon.

3. Click on Sync.
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Clone a GitHub Repository

~  ippSD

MisilesHpTest

Path  C:\Users\manoh\Source\Repos

TN
|+ ) Clone

Browse

Figure 5.7: Available Git repositories list on a GitHub account that can be cloned by
Visual Studio.

4. Click on sync for automatically synchronize all commits.

5.9 Git and GitHub FAQ

Here some commonly made mistakes are to be discussed.

e I can’t save changes on GitHub: Updates were rejected because
the remote contains work that you do not have locally.

This occurs because there were changes on the remote repository that you
did not updated. Because you have modified outdated files, know there
are conflicts on those files that have to be resolved manually. You have to
download them first and then upload the new code:

® NS ok W=

Go to Team Viewer tab and click on Home icon.

Click on Sync.

Click on Recover. New changes should appear.

Click on sync.

There might be errors on merging (Figure 5.9).

Click on Conflicts.
Select a conflict file.

There are several ways of solving conflicts (Figure 5.10):
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Figure 5.8: Available local Git repositories.

(a) Get remote file and discard local changes.

(b) Keep local changes and override remote file.

(¢c) Merge by combination both files and select code to be kept and
discard.

9. Sync again.

e How can I unbind a project from GitHub?
A local Git repository can be unlinked from the remote one on the config-

uration settings:

— Go to Team Viewer tab and click on Home icon.

— Click on Configuration.
— Click on Repository Configuration.

— On remote section, click on remowve.
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Figure 5.10: Solving conflicts with local and remote repositories, step 2.
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