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| About TA --- Sagar

Senior PhD student in CS

Advised by Prof. Birman on distributed systems (with a focus on RDMA networks)

TA experience at Cornell
* Practicum in Database Systems (Fall ‘16)
* Cloud Computing (Spring ‘18, Spring ‘20)
» Systems Programming (Fall ‘20, Fall ‘21)

Office Hours

* Thursday and Friday 5-7 pm (starting next week)
* At https://cornell.zoom.us/j/99522656755?pwd=WTdzV1hFSzVIM1BLROQ3TDZsRHdKdz09



https://cornell.zoom.us/j/99522656755?pwd=WTdzV1hFSzVIM1BLR0Q3TDZsRHdKdz09
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For the recitation:

e Basic C++ proficiency: Read, write, and debug C++ code

* Working knowledge of Linux: The Linux command line and the filesystem




| Goals for the recitation

e Basic C++ proficiency: Read, write, and debug C++ code

e Standard containers — std::vector<T>, std::map<K, V>
* pointers, iterators, templates, classes...
» gdb for debugging, gprof for profiling

* multi-threading, synchronization

* Working knowledge of Linux: The Linux command line and the filesystem




Secondary goals

* Learn to characterize code performance
* Make efficient use of hardware — learn to exploit CPU cores with threads

* Understand solutions to assignments/exams
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System Performance
will be a mainstay of
this coursel

What do we mean by
performance?

* Latency: Time taken to
compute

* Throughput: Number of
operations per second
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Focus on system performance

It’s not just about

algorithm complexity. Why?



Reasoning about system performance

* Theoretical improvements don’t always translate to better application
runtimes

Insertion sort outperforms quick sort in some cases
Why?

1. Insertion sort is iterative — no overhead from recursive function
calls (good for sorting a small set)

2. Insertion sort is fast when data is nearly sorted



Reasoning about system performance

* Theoretical improvements don’t always translate to better application
runtimes

* Which algorithm? A system can be very complex with many features

B

Fairly optimized code Highly inefficient code

Sequential program with 2 steps

* A = processing files, B = printing 1 million lines of output



Reasoning about system performance

* Theoretical improvements don’t always translate to better application
runtimes

* Which algorithm? A system can be very complex with many features

B

Fairly optimized code Highly inefficient code

Sequential program with 2 steps

What if step A takes about 99% of the total time? We need to profile
and understand performance characteristics of code we write!



Reasoning about system performance

* Theoretical improvements don’t always translate to better application
runtimes

* Which algorithm? A system can be very complex with many features
* What if the code that implements the algorithm is inefficient?
* Sometimes heuristics work better



C++ Environment Setup



|TA and Office Hours

Name Offfice Hour 1 Office Hour 2 Zoom Link
Alicia Yang Saturday 5-7PM Sunday 6-7PM https://cornell.zoom.us/j/93560684279?pwd=S1cONjF5Y1ZLNnpVVUOxQIISK2tRUTO9
Andrew D. Tuesday 9-11AM Thursday 10-11AM https://cornell.zoom.us/j/91466505032?pwd=U01WTEQVTEXOT3NWcDdMeWMrdW17dz09
Zheng Wang Monday 1-3PM Wednesday 10-11AM https://cornell.zoom.us/j/8812491232?pwd=VUtRWndgR2IvMjU1S1VZVkY5VkRxdz09
Sagar Jha Thursday 5-7PM Friday 5-7PM

https://cornell.zoom.us/j/99522656755?pwd=WTdzV1hFSzVIM1BLROQ3TDZsRHdKdz09

Aahli Awatramani

Wednesday 9-10AM

Wednesday 2-4PM

https://cornell.zoom.us/j/92630999231?pwd=b0RkeVQ5TWczcWd1WGdLbXNpT21MQT09

Arthur Tanjaya

Tuesday 5-7PM

Thursday 5-6PM

https://cornell.zoom.us/j/3877784348?pwd=dkVwcFBwWS1RDSHh2SXBhRXZVaVdtdz09

Muhammad Moughal

Monday 6-7PM

Tuesday 4-6PM

https://cornell.zoom.us/j/4905170673?pwd=V3dXSO00wbEFleCO9YSDBGS374UTR57z09



https://cornell.zoom.us/j/93560684279?pwd=S1c0NjF5Y1ZLNnpVVU0xQll5K2tRUT09
https://cornell.zoom.us/j/91466505032?pwd=U01wTEQvTEx0T3NWcDdMeWMrdW1Zdz09
https://cornell.zoom.us/j/8812491232?pwd=VUtRWndqR2lvMjU1S1VZVkY5VkRxdz09
https://cornell.zoom.us/j/99522656755?pwd=WTdzV1hFSzVIM1BLR0Q3TDZsRHdKdz09
https://cornell.zoom.us/j/92630999231?pwd=b0RkeVQ5TWczcWd1WGdLbXNpT21MQT09
https://cornell.zoom.us/j/3877784348?pwd=dkVwcFBwS1RDSHh2SXBhRXZVaVdtdz09
https://cornell.zoom.us/j/4905170673?pwd=V3dXS00wbEFleC9YSDBGS3Z4UTR5Zz09

About TA --- Alicia

e 1st year PhD student in CS, TAed this course Fall 2020

* Working with Prof. Birman in the area of distributed system

* Interested in scheduling and cluster management in machine learning system
e Office Hours : Thursdays 6PM — 7PM, Saturdays 6PM - 7PM

* Meeting by appointment for questions or assignment discussion



C++ Coding Environment

e C++ 20

* gcc-8 or recent

* To check your gcc compiler version: $ g++ -v



|C++ Coding Environment

* Editing Tools:
* Visual Studio Code (link)
* Emacs

* Vi, ...

* Compilation Tools: GNU Compiler Collection (GCC)
* Cornell Engineering linux server remote access
* Virtual Box
* Most linux distributions have GCC

* MacOS user has Clang compiler (not recommended for this course, since Clang and GCC are two different

compiler and sometimes have different compilation results. The submitted assignments are run via GCC)


https://code.visualstudio.com/docs/languages/cpp

C++ Coding Environment

e C++ 20

* gcc-8 or recent

* To check your gcc compiler version: $ g++ -v

* We will introduce three main ways of setting up the coding environment

https: / /visualstudio.microsoft.com



https://visualstudio.microsoft.com/

C++ Coding Environment

Visual Studio

Best-in-class tools for any developer

Let us help you find the right download and tutorials

* We will in ent

| want to develop for [app type]  using [ technology ] on my [dev box OS] machine

x + & == A macos “?S/ macOS
Visual Studio Visual Studio Code Visual Studio for Mac
Full-featured IDE to code, debug, test, and Edit and debug on any OS. Learn more Develop apps and games for iOS, Android,

deploy to any platform. Learn more and web using .NET. Learn more

By using Visual Studio Code you agree to its Read more about activating your license
license and privacy statement

Download Visual Studio Code Download Visual Studio for Mac ¥




C++ Environment Setup

method1: compile&run on cornell engineering linux server from terminal

* |nstall Visual Studio Code

* Install C/C++ extension in VSCode

EXTENSIONS: MARKETPLACE

C++|

o |Microsoft

C/C++ 1.00 P136M K35
C/C++ IntelliSense, debugging, and code browsing.

Microsoft Install

C/C++ Extension Pack 1.00 290
Popular extensions for C++ development in Visual St...

Install

C/C++ Themes 1.00 43K
Ul Themes for C/C++ extension.

Microsoft Install

£ Extension: C/C++ X

C/C++

Microsoft | < 13,698380 | % % % ¥
C/C++ IntelliSense, debugging, and code browsing.

Install

Details Feature Contributions Changelog

& am O mac0S

Repository

License




C++ Environment Setup

method 1: compile&run on cornell engineering linux server from terminal )J = H macos

* |Install VSCode and C++ extension on YVSCode

* Login to Cornell VPN — AnyConnect aliali

Secure Mobility Client CISCO

7 -+ B VPN:

Ready to connect.




C++ Environment Setup

Walkthroughs

* Get Started with VS Code
Discover the best customizations to make VS Code yours.

method1: compile & run on cornell engineeri

¥ Learn the Fundamentals
Recent Jump right into VS Code and get an overview of the must-

have features.
~[Desktop

~/Desktop
~/Desktop @ Get Started with C++ Development [New items
~/Desktop/ApacheBeam

~[Desktop/temp Boost your Productivity

* |nstall VSCode and C++ extension on V

* Login to Cornell VPN

X ®O0A0D # LiveShare

* ssh to your cornell student account on VSCode through

* View -> Command Palette -> Remote SSH: Connect to host
* In command type:

% ssh [your netid]@ugclinux.cs.cornell.edu



demo

C++ Environment Setup

method1: compile & run on cornell engineering linux server from terminal X = H macos

Install VSCode and C++ extension on VSCode

Login to Cornell VPN

ssh to your cornell student account on VSCode through

All setl Start coding (Demo)

* Helloworld simple program
* Compile: g++ -std=c++20 —Wall —o helloworld helloworld.cpp

e Run: ./helloworld

* If there are multiple files, compile with: g++ -std=c++20 main.cpp other.cpp etc.cpp



|C++ Environment Setup

method?2 : VSCode Edit, compile/run locally ) =& & macos

1. Install IDE (VSCode in this example) , and extensions: C/C++, Code Runner

* Specify C++ standard version on Code runner extension

helloworld.cpp — CS4414( ettings —
EXTENSIONS: MARKETP.. Y U = - J \ C+ helloworld.cpp U X EXTENSIONS: MARKETP.. ¥ U = - ] Welcome helloworld.cpp

helloworld.cpp > &2 main() code runner

code runner
<iostream> @ext:formulahendry.code—runnerl

Code Runner © 50ms Us g aLs i Code Runner D 50ms
Run C, C++, Java, JS, PHP, Pyt... = Run C, C++, Java, JS, PHP, Pyt
Jun Han % Jun Han

User Workspace

Test Runner for Java Enable Test Runner for Java ~ Extensions

Run and debug JUnit or TestEIEEERERSEER) Run and debug JUnit or TestN.. Run Code con... (23)
Microsoft Disable Microsoft

Code-runner: Enable App Insights

3 " Disable (Workspace] ier - "
Prettier - Cod... ©14.6M * (Workspace) . Prettier-Cod... ©14.6M % 35 / Whether to enable Applnsights to track user tele

Code formatter using prettie q Uninstall Code formatter using prettier

Prettier = Install Another Version... Prettier Install @
Chinese (Simplifi... 1M Copy Chinese (Simplifi... 1M %5 Code-runner: Executor Ma

ch7 () Copy Extension Id ch3z () Set the executor of each lanifuage.

‘ Microsoft Install
Microsoft In: Add to devcontainer.json .

EditorConfig f... <>3.8M x __ Extension Settings EditorConfigf... ©38M % 45
Ed.itOI'COHfig Support for Vis Add to Work_space"Reeommend'aﬁon's Ed‘ItOI'COFI:IIg Support for Visua...
EditorConfig insta (B2 T Install Code-runner: Executor Map By File Extension

Edit in settings.json




|C++ Environment Setup

method?2 : VSCode Edit, compile/run locally ) =& & macos

1. Install IDE (VSCode in this example) , and extensions: C/C++, Code Runner

* Add —std=c++17 to the json file:

* "cpp": "cd $dir && gt++ -std=c++17 $fileName -o $fileNameWithoutExt && $dir$fileNameWithoutExt"

settings.json — C54414Demo
EXTENSIONS: MARKETP... ¥ L = -+ ) Welcome helloworld.cpp £ Settings {} settings.json U @

NS -~ N 1 st it ; { 3 - rLexe b E|
e BT vscode > i’ settings.json » 1t code-runner.executormMap ° cpp

{
R T D 50ms "code-runner.executorMap": { @

Run C, C++, Java, JS, PHP, Py
Jun Han

c":
Test Runner for Java
Run and debug JUnit or TestN...

Microsoft

5 d—c+—2@| $fileMame —o $fileNameWithout
"objective-c": && gcc —framework Cocoa $fileName —o $fil
“php": "php",

Prettier - Cod... ©14.6M % 35 "python": "python -u",

Code formatter using prettier erl”: "perl” ’




C++ Environment Setup

method2: VSCode Edit, compile/run locally %] = 5 macos

1. Install IDE (VSCode in this example) , and extensions: C/C++, Code Runner

2. Install Compiler

* Why install gcc? mac default C++ compiler is Clang

] & & yutingyang — -zsh — B8x35
~ — =78h

Last login: Thu Aug 26 16:04:16 on ttyseez2
/Library/Java/JavaVirtualMachines/jdk-14.0.2. jdk/Contents/Home
yutingyang@Alicias-MacBook ~ % gcc -v
Configured with: ——prefix=/Library/Developer/CommandLi
=/Library/Developer/CommandLineTools/SDKs/Mac0S
Apple clang version 12.8.@ (clang-1200.0.26.2)
Target: x86_64-apple-darwinl9.6.@

Thread model: posix
InstalledDir: /Library/Developer/CommandLineTools/usr/bin

=l

s/usr —with-gxx-include-dir
k/usr/include/c++/4.2.1



C++ Environment Setup

method?2 : VSCode Edit, compile/run locally ) =& & macos

1. Install IDE (VSCode in this example), and extensions: C/C++, Code Runner

2. Install GCC Compiler with following command

% brew update

% brew upgrade
% brew info gcc
% brew install gcc

% brew cleanup



C++ Environment Setup

method?2 : VSCode Edit, compile/run locally ) =& & macos

* Install IDE (VSCode in this example), and extensions: C/C++, Code Runner
* Install GCC Compiler with following command

* Run and debug locally:

[ ] helloworld.cpp — C54414Demo
[ ]
b Con‘l'rol + Shlﬂ' + D RUN AND DEBUG: RUN Iselect a configuration

g++-11 - Build and debug active file compiler: fusr/local/bin/g++-11

RunandBabug clang++ - Build and debug active file ¢

To customize Run and Debu 9+* - Build and debug active file c
cpp - Build and debug active file cc

gce-11 - Build and debug active file
Default Configuration

To learn more about launch.json, see 8 H




demo

C++ Environment Setup

method?2 : VSCode Edit, compile/run locally ) =& & macos

1. Install IDE (VSCode in this example), and extensions: C/C++, Code Runner
2. Install GCC Compiler with following command
3. Run and debug locally

4. Configure compiled file

* .vscode /tasks.json



|C++ Environment Setup
- method3 (windows): Visual Studio Edit, compile /run locally DG S

* Download Visual Studio

. . GCC Pro Pages 7 bt
* Configure GCC property on Visual Stu¢ "™
Configuration: | Active{Debug) w | Platform: | Active{xtd) w Configuration Manager...
4 Configuration Properties Look for options or switches:
General |
Debugging
VC++ Directories -
Copy Sources s 3¢ | Ll
d C/C++ Additional Include Directories S(StlincludeDirectones); 3t AdditionalincludeDirectories) h
General Additional Options
Optimization C Additional Warnings switch;no-deprecated-declarations;empty-body; conversion; retu
Preprocessor C Compiler g++
Code Generation C Language Standard Ci1 (-std=c11)
Language C++ Additional Warnings switch;no-deprecated-declarations;empty-body;conversion;retu
Advanced C++ Compiler ge+
C++ Language Standard C++11 (-std=c++11)
Command Line Compile As Default
e Compile Timeout 3600000
o bl Copy Object Files No
Al Sk Debug Information Format Full Debug Information (MWWARF2) (-g2 -gdwarf-2)
Enable C++ Exceptions Yes (-fexceptions)
Enable Run-Time Type Information Yes (-friti)
Enable Verboze mode No
Floating Paoint Optimization Na
Forced Include Files -
 Additional Include Directories '
Specifies one or more directories to add to the include path; separate with semi-colons if more than one. (-I[path]).




C++ Environment Setup

- method3 (windows): Visual Studio Edit, compile /run locally

* Download Visual Studio
* Configure GCC property on Visual Studio

* Create C++ Project, right click project -> build



| C++ Environment Setup

method3 (windows): Visual Studio Edit, compile /run locally

-
*°D load Visual Studi
ownloa Isual Studio
* Confi GCC Visual Studi
onfigure property on Visual Studio
— O > w File Edit View Git Project Build Debug Test Analyze Tools Extensions Window Sear... P hell...orld = o
Help
S [ 9. Q. ° g o S e o
C reate a neW p rOJ ect Search for templates (Alt+5S) P~ bt | G- W A Debug x86 P Local Windows Debugger ‘ A% 3 Build
([ ] Clear all Rebuild
o'
8.: Clean
. o
Recent project templates C++ - All platforms - All project types - % View :
Analyze and Code Cleanup 4
- ) -+ Proi Project Only >
) (Ey7 ! e &_:] Empty Project /A Publish as Azure WebJob...
Start from scratch with C++ for Windows. Provides no starting files. Retarget Projects
BY Console App ((NET Core) C# Cart Windows Console .
B New Solution Explorer View
Console App ; -
. . . . Build Dependencies >
Run code in a Windows terminal. Prints “Hello World” by default.
) New Item... Ctrl+Shift+A Add L
o Windows console ‘O Existing Item... Shift+Alt+A Ba Class Wizard.. Ctrl+Shift+X
- i B Manage NuGet Packages...
m CMake Project - New Filter g ]
Build modern, cross-platform C++ apps that don't depend on .sln or .vcxproj files. & From Cookieatter.. £+ Set as Startup Project
) . Reference... Debug ¥
C++ Windows Linux Console % Connected Senvice ¥ e
ﬁ' Windows Desktop Wizard & Module.. Paste Curl+V
B +
Create your own Windows app using a wizard. % Class.. X Remove Del
*%  Resource.. [J  Rename B2
Cet Windows Desktop Console Library X
@  New EditorConfig Unload Project
ﬁ Windows Desktop Application Load Direct Dependencies of Project
E A project for an application with a graphical user interface that runs on Windows. bosc bl Depsndencijlies pbroject
Rescan Solution
C++ Windows Desktop Output . Display Browsing Database Errors
Show output from: Clear Browsing Database Errors
= Open Folder in File Explorer
Back ‘ | Next Error List

Open in Terminal

» [

Properties Alt+Enter

O o = I € 0 X AT W Z D) NG lﬂfi’:ﬂ =9




C++ Environment Setup

method3 (windows): Visual Studio Edit, compile /run locally

Download Visual Studio
Configure GCC property on Visual Studio
Create C++ Project, right click project -> build

Run the executable

* Click the .exe

* Click on localWindowDebugger on Visual Studio



| C++ Environment Setup

- method3 (windows): Visual Studio Edit, compile /run locally K &

; : : - - i File  Edit Vie Git  Project Build Deb Test Analyze Tools Extensions  Windo Hel Search (Ctrl+Q e
w File  Edit View Git Project  Build m File Edit View Git Project Build [ lew ) ul ug y: sl w p
Help i : - B2 W - v | Debug ~ x86 ~ P Local Windows Debugger ¥ | 5 = ] = |2 Live Share &

~ ﬁj‘ | H“ ¥: ~ | Dek &

e - B-r-owe 20

h Microsoft Visual Studio Debug Console — O 4 v o X

helloworld.cpp # X

=
[} "
g ey 1 #include <iostream> Hello world Al o-s @ K&
Sl (%] helloworld v (Glo! 2 using namespace std; TSI o

1 #include <iostream> 3 —int main() C:\Users\alici\OneDrive\Desktop\helloworld\Debug\helloworld.exe (process 34228) exited with code ©. gplorer(Cit;

2 using namespace std; 4 { To automatically close the console when debugging stops, enable Tools->Options->Debugging->Automatically close the consofilNvlEEReIE] project)

3 -int main() 5 cout << "Hello world" le when debugging stops. rid

4 { 6 cout << "\n": Press any key to close this window . =

5 cout << "Hello wor 7 return 0; i

3 nal Dependencies

6 cout << "\n"; 8 i ler Fil

7 return @; g e

g } urce Files

ce Files

elloworld.cpp

100% ~ & No issues found

@ No issues found 100% ~ & No issues found Ln:8 Ch:2 TABS CRLF

Output v @ X

Show output from:

Show output from: Show output from: Debug

Siel@iSd Output - ’
ZeIgiiad Output SIS Output

] This item does...

[] Ready A Add to Source Control ~ &4




