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// Michigan Robotics 102
// Introduction to AI and Programming

// Making our first program in C++: 
//    code, compile, run, repeat

#include <iostream>
int main()
{

   std::cout << "Hello World!";

}
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or “Motherboard”
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A program in readable text 
that can be compiled into a 

software executable
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What is C++?
High-level programming language

Computing Hardware
Electronics that can 

carry out digital logic

Executable Software
A program in binary code 
specifying a sequence of 

digital logic instructions that 
run on a computer 

#include <iostream>
int main()
{
   std::cout << "Hello World!";
}

Source Code
A program in readable text 
that can be compiled into a 

software executable

“Coding” is writing source code
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What is C++?
High-level programming language

Compiles source files into executable apps

CompilerC++ 
Source Code

in C++ Language
#include <iostream>
int main()
{
   std::cout << "Hello World!";
}

Executable



Michigan Robotics 102 - robotics102.org

What is C++?

Portable across nearly all computers

High-level programming language

#include <iostream>
int main()
{
   std::cout << "Hello World!";
}

CompilerC++ 
Source Code

in C++ Language



Michigan Robotics 102 - robotics102.org

What is C++?

Portable across nearly all computers

High-level programming language

Compiler

#include <iostream>
int main()
{
   std::cout << "Hello World!";
}

Source Code
in C++ Language



Michigan Robotics 102 - robotics102.org

What is C++?

Portable across nearly all computers

High-level programming language

Compiler

#include <iostream>
int main()
{
   std::cout << "Hello World!";
}

Source Code
in C++ Language



Michigan Robotics 102 - robotics102.org

What is C++?

Portable across nearly all computers

High-level programming language

Compiler

#include <iostream>
int main()
{
   std::cout << "Hello World!";
}

ExecutableSource Code
in C++ Language
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Software Portability

It runs Doom!
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What is C++?

Portable across nearly all computers

Compiles source files into executable apps

High-level programming language

One of the most popular languages

You code C++    . 
You can learn any of these.

code in C++
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One option: online C++ editors

Text buffer
for writing source code

Press “Run”
to compile source code into executable program, and then run the executable

Output buffer
to see the result of the program
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One option: online C++ editors

Advantages:
Easy 
Quick 

Minimal setup

Disadvantages:
Advertisements or Pay 

Requires Internet 
Limited use (no robot)
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#include <iostream>
int main()
{
   std::cout << "Hello World!";
}

How to code in C++ ?code in C++

Step 1: Type code into a file

hello.cpp
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Another option: coding in local files

Catari 2600

Microsoft Surface running 
Visual Studio Code (VS Code)

hello.cpp

VS Code 
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Step 1: Type code into a file
hello.cpp VS Code in
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C++ files on computer file 

system containing your code

Text editor
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hello.cpp

Step 1: Type code into a file

open file

save file
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C++ files on computer file 

system containing your code

Text editor
Make changes to C++ code 

What is a filesystem?
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What is a filesystem?Filesystem

A filesystem organizes information on a 
storage device into a hierarchy of 
directories that contain data in files 

Hard Drive Storage
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hello.cpp

Text editor
Make changes to C++ code 

open file

save file Source code
C++ files on computer file 

system containing your code

Step 2: Compile source code
Compiler

Build executable program 
from C++ source files

Hello World 
Executable

VS Code Terminal 
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hello.cpp

Text editor
Make changes to C++ code 

open file

save file
Source code

C++ files on computer file 
system containing your code

Compiler
Build executable program 

from C++ source files

Step 3: Run Executable Program

Executable
Binary file on computer file 

system that can be run
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hello.cpp

Text editor
Make changes to C++ code 

open file

save file
Source code

C++ files on computer file 
system containing your code

Compiler
Build executable program 

from C++ source files

Step 3: Run Executable Program

Executable
Binary file on computer file 

system that can be run

Program output
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hello.cpp

Text editor

open file

save file

Source code

Compiler
Executable

Compile 
And Execute
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Compile C++ file

open C++ file

save C++ file

update code

Coding process

hello.cpp

Text editor

open file

save file

Source code

Compiler
Executable

Run Executable

Get ideas

Compile 
And Execute

Ideas
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Compile C++ file

open C++ file

save C++ file

update code

Coding process

hello.cpp

Text editor

open file

save file

Source code

Compiler
Executable

Run Executable

Get ideas

Compile 
And Execute

Ideas

New idea:
Print that I am in 102



Michigan Robotics 102 - robotics102.org

Compile C++ file

open C++ file

save C++ file

update code

Coding process

hello.cpp

Text editor

open file

save file
Source code

Compiler
Executable

Run Executable

Get ideas

Compile 
And Execute

Ideas

#include <iostream>
int main()
{
   std::cout << "Hello World”;
   std::cout << "Chad is in Robotics 102";
}
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Compile C++ file

open C++ file

save C++ file

update code

Coding process

hello.cpp

Text editor

open file

save file
Source code

Compiler
Executable
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Get ideas

Compile 
And Execute

Ideas

#include <iostream>
int main()
{
   std::cout << "Hello World”;
   std::cout << "Chad is in Robotics 102";
}

New idea:
Break each line
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Run Executable

Get ideas

Compile 
And Execute

Ideas

#include <iostream>
int main()
{
   std::cout << "Hello World” << “\n”;
   std::cout << "Chad is in Robotics 102";
}
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Compile C++ file

open C++ file

save C++ file

update code

Coding process

Text editor

open file

save file
Source code

Compiler
Executable

Run Executable

Get ideas

Compile 
And Execute

Ideas

hello.cpp

#include <iostream>
int main()
{
   std::cout << "Hello World” << “\n”;
   std::cout << "Chad is in Robotics 102";
} You did what?

Wait
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#include <iostream>
int main()
{
   std::cout << "Hello World” << “\n”;
   std::cout << "Chad is in Robotics 102";
}
hello.cpp

All programs start in 
the main function

Scope of main function 
delimited by matching braces

Statements are program instructions 
and end with a semicolon

First statement prints to 
“standard output” (the screen)  

the string (in quotes) followed by  
a new line character

Insertion (“put”) 
operator

Include the  
C++ Input-Output Stream Library, 

which provides std::cout 
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#include <iostream>
int main()
{
   std::cout << "Hello World” << “\n”;
   std::cout << "Chad is in Robotics 102";
}
hello.cpp

This statement is executed after this statement

Statements are executed in sequential order 
based on where they appear in the program
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#include <iostream>
int main()
{
   std::cout << "Hello World” << “\n”;
   std::cout << "Chad is in Robotics 102";
}
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VS Code is an  
Integrated Development Environment (or IDE)

Source File

Terminal

File Explorer
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Compile
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Get ideas
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Source File

Compile
Execute

CompileExecute
Compile

Execute

Compile C++ file

open C++ file

save C++ file

update code

Coding process

Run Executable

Get ideas

What happens if I make a mistake?
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Get ideas

Oops

Suppose a semicolon is forgotten
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Suppose a semicolon is forgotten

Compilation will fail with an error
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Source File

Compile
Execute

CompileExecute
Compile

Execute

Compile C++ file

open C++ file

save C++ file

update code

Coding process

Run Executable

Get ideas

Suppose a scoping brace is forgotten

Compilation will fail with an error

Oops
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Coding process

Run Executable
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Suppose main function is forgotten

Compilation will fail with an error

Oops
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Coding process

Run Executable

Get ideas

Suppose needed library is forgotten

Compilation will fail with errors

Oops
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Coding process

Run Executable

Get ideas

Suppose I am just careless

Compilation will fail with an error

OopsOops
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Source File

Compile C++ file

open C++ file

save C++ file

update code

Coding process

Run Executable

Get ideas

Suppose I am just careless

That can be “commented out”

OopsFixed
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#include <iostream>
/* 
   This is a multi-line comment. It is ignored by my program.
   This is our first program. 
   The program code below prints messages to the screen.
*/

int main()
{
   std::cout << "Hello World” << “\n”;  // A single-line comment
   std::cout << "Chad is in Robotics 102”;  // "\n" creates a new line
}

hello.cpp Anything after double slashes on a line 
is ignored as a comment

Comments are ignored by the compiler 
and not included in the programC++ Comments
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#include <iostream>
/* 
   This is a multi-line comment. It is ignored by my program.
   This is our first program. 
   The program code below prints messages to the screen.
*/

int main()
{
   std::cout << "Hello World” << “\n”;  // A single-line comment
   std::cout << "Chad is in Robotics 102”;  // "\n" creates a new line
}

hello.cpp Anything after double slashes on a line 
is ignored as a comment

Comments are ignored by the compiler 
and not included in the programC++ Comments

Anything in between delimeters /* and */ is ignored as a comment
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#include <iostream>
/* 
   This is a multi-line comment. It is ignored by my program.
   This is our first program. 
   The program code below prints messages to the screen.
*/

int main()
{
   std::cout << "Hello World” << “\n”;  // A single-line comment
   std::cout << "Chad is in Robotics 102”;  // "\n" creates a new line
}

hello.cpp

Your code is a battleground
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#include <iostream>
/* Hello World - A first C++ Program
   Copyright 2021 Odest Chadwicke Jenkins at the University of Michigan
   Licensed under Michigan Honor License in the LICENSE file and 
   available to view at https://autorob.org/MichiganHonorLicense.txt
*/

int main()
{
   std::cout << "Hello World” << “\n”;  // A single-line comment
   std::cout << "Chad is in Robotics 102”;  // "\n" creates a new line
}

Your code is a battleground

hello.cpp
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   Copyright 2021 Odest Chadwicke Jenkins at the University of Michigan
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*/
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{
   std::cout << "Hello World” << “\n”;  // A single-line comment
   std::cout << "Chad is in Robotics 102”;  // "\n" creates a new line
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hello.cpp

The Michigan Honor License 
This unvetted license below is called the "Michigan Honor License" as the 3-Clause BSD 
License plus two clauses for academic integrity. 

Copyright <YEAR> <COPYRIGHT HOLDER> 

Redistribution and use in source and binary forms, with or without modification, are 
permitted provided that the following conditions are met: 

1. Redistributions of source code must retain the above copyright notice, this list of 
conditions and the following disclaimer. 

LICENSE
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*/
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{
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}
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The Michigan Honor License 
This unvetted license below is called the "Michigan Honor License" as the 3-Clause BSD 
License plus two clauses for academic integrity. 

Copyright <YEAR> <COPYRIGHT HOLDER> 

Redistribution and use in source and binary forms, with or without modification, are 
permitted provided that the following conditions are met: 

1. Redistributions of source code must retain the above copyright notice, this list of 
conditions and the following disclaimer. 

LICENSE

This year and your nameCopyright <YEAR> <COPYRIGHT HOLDER>



Michigan Robotics 102 - robotics102.org

The Michigan Honor License 
This unvetted license below is called the "Michigan Honor License" as the 3-Clause BSD 
License plus two clauses for academic integrity. 

Copyright <YEAR> <COPYRIGHT HOLDER> 

Redistribution and use in source and binary forms, with or without modification, are 
permitted provided that the following conditions are met: 

1. Redistributions of source code must retain the above copyright notice, this list of 
conditions and the following disclaimer. 

2. Redistributions in binary form must reproduce the above copyright notice, this list of 
conditions and the following disclaimer in the documentation and/or other materials provided 
with the distribution. 

3. Neither the name of the copyright holder nor the names of its contributors may be used to 
endorse or promote products derived from this software without specific prior written 
permission. 

4. Manuscripts and publications using this source code or its binary forms must properly 
cite the this project and its author(s). 

5. Redistributions of source code, if used for credit in an academic program, must retain 
the academic integrity honor pledge below. 

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 

LICENSE

BSD 3-Clause License
https://opensource.org/licenses/BSD-3-Clause
1. Redistributions of source code must retain the above copyright notice, this list of 
conditions and the following disclaimer. 

2. Redistributions in binary form must reproduce the above copyright notice, this list of 
conditions and the following disclaimer in the documentation and/or other materials provided 
with the distribution. 

3. Neither the name of the copyright holder nor the names of its contributors may be used to 
endorse or promote products derived from this software without specific prior written 
permission. 

BSD 3-Clause License
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The Michigan Honor License 
This unvetted license below is called the "Michigan Honor License" as the 3-Clause BSD 
License plus two clauses for academic integrity. 

Copyright <YEAR> <COPYRIGHT HOLDER> 

Redistribution and use in source and binary forms, with or without modification, are 
permitted provided that the following conditions are met: 

1. Redistributions of source code must retain the above copyright notice, this list of 
conditions and the following disclaimer. 

2. Redistributions in binary form must reproduce the above copyright notice, this list of 
conditions and the following disclaimer in the documentation and/or other materials provided 
with the distribution. 

3. Neither the name of the copyright holder nor the names of its contributors may be used to 
endorse or promote products derived from this software without specific prior written 
permission. 

4. Manuscripts and publications using this source code or its binary forms must properly 
cite the this project and its author(s). 

5. Redistributions of source code, if used for credit in an academic program, must retain 
the academic integrity honor pledge below. 

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 

LICENSE

Michigan Engineering Honor Code
https://bulletin.engin.umich.edu/rules/
4. Redistributions of source code, if used for credit in an academic program, must retain 
the following honor pledge, and only append the names all individuals who contributed 
modifications. 

Michigan Engineering Honor Code
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The Michigan Honor License 
This unvetted license below is called the "Michigan Honor License" as the 3-Clause BSD 
License plus two clauses for academic integrity. 

Copyright <YEAR> <COPYRIGHT HOLDER> 

Redistribution and use in source and binary forms, with or without modification, are 
permitted provided that the following conditions are met: 

1. Redistributions of source code must retain the above copyright notice, this list of 
conditions and the following disclaimer. 

2. Redistributions in binary form must reproduce the above copyright notice, this list of 
conditions and the following disclaimer in the documentation and/or other materials provided 
with the distribution. 

3. Neither the name of the copyright holder nor the names of its contributors may be used to 
endorse or promote products derived from this software without specific prior written 
permission. 

4. Manuscripts and publications using this source code or its binary forms must properly 
cite the this project and its author(s). 

5. Redistributions of source code, if used for credit in an academic program, must retain 
the academic integrity honor pledge below. 

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 

LICENSE

Attribution similar to CC BY 4.0 License  
https://creativecommons.org/licenses/by/4.0/
5. Manuscripts and publications using this source code or its binary forms must properly 
cite this project and its author(s). 

CC BY 4.0 License
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Share your code with the world

and your future self
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Compile C++ file

open C++ file

save C++ file

update code

Coding process

hello.cpp

Text editor

open file

save file
Source code

Compiler
Executable

Run Executable

Get ideas

Compile 
And Execute

Ideas

#include <iostream>
int main()
{
   std::cout << "Hello World” << “\n”;
   std::cout << "Chad is in Robotics 102";
}
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}
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#include <iostream>
int main()
{
   std::cout << "Hello World” << “\n”;
   std::cout << "Chad is in Robotics 102";
}

hello.cpp

Text editor

open file

save file
Source code

Compiler
Executable

Compile 
And Execute

Ideas

git repository
store history of  
code changes 

and collaborate with others

Pull repo

push repo
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Version Control Using git
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What is Version Control?
• Maintains a past history of changes for your code (or any project) 

• History of changes (or “commits”) maintained in a repository 

• Basic workflow 

• Code is “checked out” (or “pulled”) from a repository, then modified 

• These updates are then “checked in” (or “committed”) to the repository 

• Repository maintains history as “diffs”, the changes between before 
and after checking in a commit
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For example… ocj’s TED talk
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ocj in washington dc
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ocj in washington dc

Henry evans in Palo Alto CA
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in-browser drone control
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View history 
of changes
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View history 
of changes
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Large open source projects…
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September 2016
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September 2017
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September 2018
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September 2019
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August 2020
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August 2021
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Commit History

Can copy or revert to any past 
state of the repository
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you can view all changes  
made between consecutive commits

Change log
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How does git work?
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git

The directory where 
 you are working

The repository on your 
local computer 

The repository on 
a remote server

Your local computer

Somewhere 
on the cloud

( ~/uname/reponame or 
C:\Users\uname\reponame ) ( ~/uname/reponame/.git )

( http://github.com/username )
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git

The directory where 
 you are working

The repository on your 
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The repository on 
a remote server

Your local computer

Somewhere 
on the cloud

( ~/uname/reponame or 
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git

After making local changes, you can add, commit, and push 
to your remote repository

~/uname/reponame ~/uname/reponame/.git http://github.com/username
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git

If there are no files to add, just commit and push

~/uname/reponame ~/uname/reponame/.git http://github.com/username
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git

A pull command updates the local workspace with changes from 
the remote repository

~/uname/reponame ~/uname/reponame/.git http://github.com/username
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git basics: commands
• Push completed project to repository (or just to update) 

• add files to a repository: git add <file listing>

• commit changes to local repo: git commit -a -m “<msg>”

• push local changes to a remote repository: git push

• Pull to updates your local repository (and workspace) from remote  

• pull remote changes to a local repository: git pull
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Pocket Calculator



Our first challenge: 
Project 0

Pocket Calculator
Actually, 

it will look more like this
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#include <iostream>

/* 
   Let's write a calculator program
*/

int main()
{
   std::cout << "What is 100 plus 2?" << "\n";
}

Next Lecture: 
Operators and Variables

calculator.cpp (Version 00)


