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Session Goals

Gain a foundational understanding of open source computing tools
and infrastructure for effective data insights generation

Scientific Computing Tools and Languages
Unix-based operating system

Windows Subsystem for Linux

Conda environments and basics of Python
Jupyter Notebooks and Colab
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Scientific Computing

Scientific Computing Languages and Tools
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Programming Languages

Low Level: Provides little or no abstraction
from a computer's instruction set architecture.

Examples:

s x Haskell

Assembly
Fortran
COBOL
Haskell
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Scientific Programming

High Level: Easier for humans to understand
and write. Examples:

e Python
e R
e Julia

Scientific programming languages are built on —
top of low-level programming languages. cbove C-level
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Tools /home/username| |/users/username

e Unix-based Operating System: Many data
science tools and libraries work best in Linux

environments
e Environment Management System:
Miniconda / Anaconda: Founded in 2012 by
Peter Wang and Travis Oliphant out of the
need to bring Python into business data e\users\llso

analytics. It has a Simplified Package
Management (conda).
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Tools

e OS-Level Virtualization Systems:

o Docker: A platform designed to help IT w“nus ON m
developers build, share, and run container
applications. We handle the tedious setup, so
you can focus on the code.
e Version Control & Other tools: THEN wru?smp N (111]; m|||||[
o Git
 git g

N\ | GitHub mnmlsnmmmmsmu
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Version Control — Git

e Git is a distributed version control system that allows developers to track
changes in code and collaborate with others.

= Version control = Branching and merging
Git allows for easy version control, making it Git makes it easy to create different
easy to keep track of changes and revert to branches for different features or
previous versions if needed. experiments, and then merge them back

into the main codebase when they're ready.
= Collaboration

Git allows multiple developers to work on = Offline work

the same project without overwriting each Git allows developers to work offline and
other's code. Changes can be easily merged then sync their changes when they're back
and conflicts can be resolved. online, making it easy to work from

anywhere without worrying about internet
connectivity.
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Git Workflow

To outline the basic Git workflow

i o -

git clone [repo URL] git branch [branch name] git commit -m [commit message]
Create a copy of a remote repository on your local Create a new branch for your changes Save changes to your local repository
machine
git push [remote] [branch] git pull [remote] [branch] git merge [branch name]
Upload your changes to a remote repository Download changes from a remote repository to Combine changes from one branch into another

your local repository
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Typical GitHub Workflow

Make Changes in the code
git add <file-name>

git commit —m “Message”
git push

Also Helpful:
e git status
e gitreset / git reset hard (BE CAUTIOUS)

e git revert
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Resources

Additional resources for learning Git and GitHub

GitHub Learning Lab https://lab.github.com/
GitHub Guides https://github.com/git-guides
Pro Git Book https://git-scm.com/book/en/v2
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Unix

Introduction to Unix based operating system (linux) and linux
shell
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What is UNIX?

e Originally developed in 1969
at AT&T Bell Labs

e Ken Thompson and Dennis
Ritchie Explain UNIX (Bell

Labs)

A

h‘“ 'z Myers, Chris, and Alex McCann. Lecture 2: The Shell and Shell Tools. CS 45: Software Tools Every Programmer
Should Know, 5 Apr. 2023, Stanford University, https://web.stanford.edu/class/csa5/lectures/
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https://web.archive.org/web/20250811180846/http://www.youtube.com/watch?v=JoVQTPbD6UY
https://web.archive.org/web/20250811180846/http://www.youtube.com/watch?v=JoVQTPbD6UY
https://web.archive.org/web/20250811180846/http://www.youtube.com/watch?v=JoVQTPbD6UY
https://web.stanford.edu/class/cs45/lectures/
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What is UNIX?

MULTICS

UNIX CP/M

Mach| [BSD| POSIX: [MINIX MS-DOS Almost all modern
LA T Mo computing is derived

4 ; R ‘ i
NeXTSTEP | | Macintosh | Linux Windows gONI?X the legacy of

S

Darwin | | Ubuntu | | Android | | ChromeOS | | WSL

VAN

macOS | [10S

Y,
‘I

HEALTH £

9]

&
zZ5
]
Sw
oz

Myers, Chris, and Alex McCann. Lecture 2: The Shell and Shell Tools. CS 45: Software Tools Every Programmer
Should Know, 5 Apr. 2023, Stanford University, https://web.stanford.edu/class/csa5/lectures/
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What is Linux?

e Linuxis a “UNIX-Like” operating system

e The operating system manages the relationship between computer
hardware, software resources and user interaction points

e Unix-like computer operating system assembled under the model of free and
open-source software development and distribution.

e Comes in several “distributions” to serve different purposes

C A @608 0>

debian archlinux openSUSE  centos  ubuntu ‘["ed()rI redhat ; gentoo linux"

Introduction to Linux. Boston University. Summer 2018.



What is Linux?

e Linux kernel was written by Linus
Torvalds using the GNU Project open
source system in 1991

e GNU Project believed in freedom
o freedom to run a program for any

purpose
. A set of programs written by
o freedom to Stlldy the .rne.chanlcs of Richard Stallman and others.
the program and modify it They are the GNU utilities.

o freedom to redistribute copies
o freedom to improve and change
modified versions for public use

Linus Torvalds

Introduction to Linux. Boston University. Summer 2018.
.22 Lecture 1: Course Introduction and Overview. CSE 374: Intermediate Programming Concepts. Autumn 2021.
University of Washington.
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gcc

What is Linux?

wC bash emacs

multitasking

e Bird’s eye view ot
cat device file grep
“p °o_ 9 access Hardware system
e “Rings of Privilege
sh
Kernel
sort awk
Shell
Utilities

N

‘Aoz Introduction to Linux. Boston University. Summer 2018.
I - Protection ring. Wikipedia. https://en.wikipedia.org/wiki/Protection ring
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https://en.wikipedia.org/wiki/Protection_ring
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Where is Linux?

e World Wide Web
o 67% of the world’s web-servers run Linux (2016)

e Research/High-Performance Compute
o Google, Amazon, NSA, 100% of TOP 500 Supercomputers.

e Modern Smartphones and devices
o The Android phone
o Amazon Kindle
o Smart TVs/Devices
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Introduction to Linux. Boston University. Summer 2018.



Windows Subsystem for Linux (WSL)

e Itis a way to run a Linux environment and applications on a Windows system
without having to boot out of Windows.

e WSL is capable of running many different Linux based operating systems

e Lets developers run a GNU/Linux environment -- including most command-line
tools, utilities, and applications -- directly on Windows, unmodified, without the
overhead of a traditional virtual machine

e [August 2025] Windows Subsystem for Linux is now Open Source!

HEALTH

Introduction to Linux. Boston University. Summer 2018.



The UNIX Shell

e Operating systems have user interfaces:
o GUI - Graphical User Interface
o CLI - Command Line Interface

e CLI - Command Line Interface
o Control the computer with commands
o “Shell” - a program that accepts commands and performs operating

system functions
o We’ll be using a shell called BASH

‘ Y,
E’ ‘§ Ex w2z Bruno, Andrew E. Introduction to Linux. BCH 519: Bioinformatics and Computational Biology, University at Buffalo,
g7 I Spring 2021. https: //www.acsu.buffalo.edu/~aebruno2/teaching/bch519/intro-linux/


https://www.acsu.buffalo.edu/~aebruno2/teaching/bch519/intro-linux/
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How to read the SHELL

Prompt Command Options Arguments

e = / v
[aebruno2@u2:~]% grep -i -n "Hadoop" README.txt

| 1: For the latest information about Hadoop
l | 30: Hadoop Core uses the SSL libraries

Output

TN ‘
[ ‘; h\mg Introduction to Linux. BCH 519: Bioinformatics and Computational Biology, University at Buffalo, Spring 2021.
i I -z uffalo.edu/~aebruno2/teaching/bch519/intro-linux



https://www.acsu.buffalo.edu/~aebruno2/teaching/bch519/intro-linux/

LET US TRY SOME COMMANDS

o date o head
o echo o tail
o whoami o ps
O man o top
@) grep O

o cat
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Hierarchical Filesystem
Files, Directories, and Paths | /home/aebruno2/bch519/hello.py

e Basic unit is a File

I I I I I

e Files are organized in etc dev home usr var
directories (folders) | | | I_‘
. . . mjbuck aebruno?2 lib
e Navigate filesystem using I
paths [ [ |
projects bch519 docs

] File:
hello.py!

PR N Bruno, Andrew E. Introduction to Linux. BCH 519: Bioinformatics and Computational Biology, University at Buffalo,
’ ‘é HEALTH Sprlng 2021.
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Ed |t0 rs nano? REAL HEY. REAL WELL, REAL | | NO, REAL | |REAL PROGRAMMERS EXCUSE ME, BUT
PROGRAMMERS PROGRAMMERS | | PROCRAMMERS | | PROGRAMMERS | | USE A MAGNETIZED REAL PROGRAMMERS
USE emacs USE vim. VSE ed. USE cat. NEEDLE AND A USE BUTTERFLIES.
O nano \ | | ] STEAD»/’ HAND.
O emacs O @
o / o %é¢ R ﬁ ﬁ ?i %
. THE DISTURBANCE RIPPLES ~ WHICH ACT AS LENSES THAT [ \icE.
Fun: g?%g‘;ﬁ; LET*ELEE OUTWARD, CHANGING THE FLOW  DEFLECT INCOMING COSMIC COURSE, THERES AN EMACS
. . ! OF THE EDDY CURRENTS RAYS, FOCUSING THEM TO '
Interview Wlth an DELICATE WINGS FLAPONCE.|  |N THE UPPER pmfongggc STR\TEE THE DRIVE PLATTER C(,)HHAND TOl DO THAT.
. e B ANDFLIP THE DESRED BIT OH YEAH! GOOD (L
Emacs Enthusiast ~C| P e - Cxhe botterfly..
o N c .) '\ ‘1 )
[Colorized] \ % i j
S PRy \
r RET S /
THESE CAUSE MOMENTARY POCKETS
OF HIGHER-PRESSURE. AIRTO FORN, DA, E”“CS-

Bruno, Andrew E. Introduction to Linux. BCH 519: Bioinformatics and Computational Biology, University at Buffalo,
Spring 2021.
https://www.acsu.buffalo.edu/~aebruno2/teaching/bchs1
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https://www.acsu.buffalo.edu/~aebruno2/teaching/bch519/intro-linux/
https://www.youtube.com/watch?v=urcL86UpqZc
https://www.youtube.com/watch?v=urcL86UpqZc
https://www.youtube.com/watch?v=urcL86UpqZc
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Ed |t0 rs nano? REAL | [HEY. REaL | |WELL REaL | | No, REAL | |ReAL PRosRAMMERS | [ EXCUSE ME, BUT
PROGRAMMERS PROGRAMMERS | | PROCRAMMERS | | PROGRAMMERS | | USE A MAGNETIZED REAL PROGRAMMERS
USE emocs USE vim. USE ed. USE cot. NEEDLE AND A USE BUTTERFLIES.
o CLI \ J | | STEADY HAND.
/
© nano O ?
O emacs
o vi/vim
e VSCode!
THE DISTURBANCE RIPPLES ~ WHICH ACT AS LENSES THAT  [\icE
THEYOPEN THEIR | QuT\ARD, CHANGING THE FLOV  DEFLECT INCOMING COSMIC '
HANDS AND LET COURSE, THERES AN EMACS
4 THE | OF THE EDDY CURRENTS  RAYS, FOCUSING THEM TO COMMAND TO DO THAT
DELICATE WNGS FIPONCE.|  IN THE UPPER ATMOSPHERE.  STRIKE THE DRIVE PLATIER , :
—=——r B ANDFLIP THE DESRED BIT OH YERH! GOOD QL
Fun: O | P = CxTte Mbterfly.
. . @ c .) '\ T’) £
Interview with an ; % o |
° ST L e L
Emacs Enthusiast P Siupi g /
. THESE CAUSE MOMENTARY POCKETS
[Colorized] OF HIGHER-PRESSURE. AIRTO FOR, DAY, E”“CS-

Bruno, Andrew E. Introduction to Linux. BCH 519: Bioinformatics and Computational Biology, University at Buffalo,
HEALTH £ Sprlng 2021.
https://www.acsu.buffalo.edu/~aebruno2/teaching/bchs1
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https://www.acsu.buffalo.edu/~aebruno2/teaching/bch519/intro-linux/
https://www.youtube.com/watch?v=urcL86UpqZc
https://www.youtube.com/watch?v=urcL86UpqZc
https://www.youtube.com/watch?v=urcL86UpqZc
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LET US TRY SOME COMMANDS

o ls o cp
o pwd o mv
o cd o rm
o touch o wec -l
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Environment Manager

Introduction to Conda



What is CONDA?

e Conda is an open source
package and environment
management system that
runs on Windows, Mac OS
and Linux.

e Use case: if you need a
package that requires a
different version of Python.

MINI CONDA
ANACONDA

= miniconda
+ 150 high quality packages

= conda
+ python
+ base packages

]

. xi'g  Pugh, David R. “Managing Your Data Science Project Environments with Conda.” Towards Data Science, 25 Apr. 2020
https://medium.com/data-science/managing-project-specific-environments-with-conda-b8bsoaa8beoe
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https://medium.com/data-science/managing-project-specific-environments-with-conda-b8b50aa8be0e
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Why should you use Conda?

e Conda provides prebuilt packages or binaries (which generally avoids the need
to deal with compiling packages from source)

e Conda is cross platform, with support for Windows, MacOS, GNU/Linux, and
support for multiple hardware platforms, such as x86 and Power 8 and 9.

e Where a library or tools is not already packaged for install using conda, Conda
allows for using other package management tools (such as pip) inside Conda
environments.
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Getting Started

e C(Create a new environment: conda create -n acbr-ws-25

e Activate new environment: conda activate acbr-ws-25

e Install python: conda install python=3.12

e Install package: conda install pandas numpy matplotlib
e Deactivate environment: conda deactivate

e Remove an environment: conda remove -n acbr-ws-25 --all
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Towards our first python program

e Activate new environment: conda activate acbr-ws-25
e In command line type: python3

e Now: >>print (“Hello World”)
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GitHub, Notebooks and
Colab

Introduction to Jupyter Notebooks and Version Control




Jupyter Notebooks — Python

e The default python interpreter processes only Python source code

e Jupyter notebooks allow us to run python code in an interactive environment.
o The file extension is: .ipynb which stands for interactive python notebook

@ pip install ipython ipykernel
e Using VSCode to run jupyter notebooks
e You can also run them on Google Colab!

o Google Colab is a free, hosted Jupyter Notebook service that allows you to write
and execute Python code in your browser

Cornell Center for Advanced Computing. “Jupyter Notebooks.” Cornell Virtual Workshop,
https://cvw.cac.cornell.edu/python-intro/intro/jupyter-notebooks
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https://colab.research.google.com/
https://cvw.cac.cornell.edu/python-intro/intro/jupyter-notebooks

Jupyter Notebooks — R

e Conda environment
0 conda create -n acbr-ws-25-r
0 conda activate acbr-ws-25-r
0 conda install conda-forge::r-base
0 conda install ipykernel

e |Install VScode extensions - jupyter, R (left sidebar)
e OpenR

0 install.packages ("IRkernel")

0 IRkernel::installspec /()
e Relaunch VScode

0 Create a .ipynb file

0 Select kernel [top right]

B, Select Kernel

k . Cornell Center for Advanced Computing. “Jupyter Notebooks.” Cornell Virtual Workshop,
’ https://cvw.cac.cornell.edu/python-intro/intro/jupyter-notebooks
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https://cvw.cac.cornell.edu/python-intro/intro/jupyter-notebooks

Python Booster

e Variables

e Data Types
o Numbers: Integers and Floats
o Strings & String operations
o Boolean

e Data Structures
o Tuples & Arrays
o Dictionaries

e Loops & Functions

Pugh, David R. “Managing Your Data Science Project Environments with Conda.” Towards Data Science,

2 25 Apr. 2020
§ https://medium.com/data-science/managing-project-specific-environments-with-conda-b8bs0aa8beoe

]

HEALTH

I
o
H
g3
8
g



https://medium.com/data-science/managing-project-specific-environments-with-conda-b8b50aa8be0e

Any queries?




