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@ CYVERSE

Learnlng Center Home

Foundational Open Science Skills (FOSS) is a novel, camp-style training designed to prepare principal investigators
and their lab teams, both new and established, to meet the growing expectations of funding agencies, publishers, and
research institutions for scientific reproducibility and data accessibility.

There are no pre-requisites for FOSS, but the course will cover a lot of material in a short time. Participants who have
limited computational experience should try to view the Software Carpentry Core Lessons before attending.
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2 Contents



CHAPTER 1

Expected outcomes:

* Become familiar with productivity software for organizing your lab group, communications, and research
e Learn how to scale out your computation from laptop to cloud and high performance computing (HPC) systems
* Learn how to manage data for open science and reproducibility

By working through an example project relevant to their interests, participants will practice open science skills using
CyVerse, GitHub, R or Python, and other resources. At the end of the week, students will present a plan for how to
integrate open science into their labs.

& CYVERSE

(L)
Learning Center Home

1.1 Before FOSS Starts

Please endeavor to complete the pre-FOSS setup before arriving at FOSS.
FOSS runs under a Code of Conduct. Please familiarize yourself with it.

FOSS Online sessions are recorded and recordings are posted on CyVerse’s private YouTube channel for participants
to review at any time (only those with the link can view).

Need help?
Couldn’t find what you were looking for?

* You can talk to any of the instructors or TAs if you need immediate help.



http://learning.cyverse.org/
http://learning.cyverse.org/
http://learning.cyverse.org/
../before/installation.html
../getting_started/code_of_conduct.html
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¢ Chat with us on CyVerseFOSS Slack.

¢ Post an issue on the documentation issue tracker on GitHub

i

Fix or improve this documentation:

¢ On Github:
* Send feedback: Tutorials@CyVerse.org

& CY |

(L)
Learning Center Home

1.2 Pre-FOSS Setup

Please set up the Prerequisite accounts and software to prepare for FOSS Online; help setting up both Prerequisites
and Optional Downloads will be available during Onboarding.

4 Chapter 1. Expected outcomes:


https://cyversefossworkspace.slack.com
https://github.com/CyVerse-learning-materials/foss-2019/issues
https://cyverse.org/
http://learning.cyverse.org/
mailto:Tutorials@CyVerse.org
http://learning.cyverse.org/
http://learning.cyverse.org/
http://learning.cyverse.org/
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Prerequisite

Notes

Links

Wi-Fi-enabled laptop

You should be able to use any lap-
top (Windows/MacOS/Linux.). We
strongly recommend Firefox or
Chrome as your browser. It is rec-
ommended that you have adminis-
trative/install permissions on your
laptop.

e Download FireFox
e Download Chrome

Zoom Account

Please ensure that you have a Cy-
Verse account and have verified
your account by completing the ver-
ification steps in the email you got
when you registered.

Register for your Zoom account at
http://www.zoom.us/.

GitHub account if you don’t have
one already

CyVerse Account Please ensure that you have a Cy- | Register for your CyVerse account
Verse account and have verified | at http://user.cyverse.org/.
your account by completing the ver-
ification steps in the email you got
when you registered.
GitHub Account Please ensure that you have a | Register for your GitHub account at

https://github.com/.

Dockerhub Account

Please ensure that you have a Dock-
erhub account if you don’t have one
already

Register for your Dockerhub ac-
count at https://hub.docker.com/.

Text Editor

Please ensure that you have a Text
Editor of your choice. Any de-
cent Text Editor would be sufficient.
Recommended ones include Sub-
limeText and Atom (more in Op-
tional Downloads below)

Register for Sublime at https://
www.sublimetext.com/.  Register
for Atom at https://atom.io/.

Slack for networking

We will be using Slack extensively
for communication and networking
purposes, especially between online
class sessions

Register for Slack at https://slack.
com/.

ORCID ID If you haven’t set up an Open Re- | Register for ORCID at https://orcid.
searcher and Contributor ID (OR- | org/.
CID) yet, please consider doing so
(and add it to your CyVerse account
profile)
Optional

Below are some other downloads that are not required for FOSS, but which provide some options for functionalities

we will cover.

Fix or improve this documentation:

¢ On Github:

» Send feedback: Tutorials@CyVerse.org

1.2. Pre-FOSS Setup


https://www.mozilla.org/en-US/firefox/new/?scene=2
https://www.google.com/chrome/browser/
http://www.zoom.us/
http://user.cyverse.org/
https://github.com/
https://hub.docker.com/
https://www.sublimetext.com/
https://www.sublimetext.com/
https://atom.io/
https://slack.com/
https://slack.com/
https://orcid.org/
https://orcid.org/
mailto:Tutorials@CyVerse.org
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1.3 Schedule

Important: Please fill out the weekly lesson feedback Google Form

Note: Times are shown in Arizona Time GMT-7 (same as Pacific Daylight Time until November)

Date (Week) | Time Activity (In- | Content Expected Outcomes
structor)
July 28th | | Tuesday 11:00 | Welcome (Swet- | Overview of Code of Con-
30th (Week O | am | Thursday | nam) duct, Course Materials, and
- Onboarding) | 1:00 pm logistics
Tuesday 11:30 | Discussion: Overview of CyVerse mis- | Understand why we teach
AM | Thurs- | What is Open | sion FOSS
day 1:30 PM Science? (Mer-
chant)
Tuesday 12:00 | Setup profile and | QUBES Hub Faculty Men- | Get familiar with our vir-
PM | Thursday | accounts (Swet- | toring Network, CyVerse, | tual platforms for learning
2:00 PM nam) Slack and creating material
Tuesday 12:30 | CyVerse Walk- | Navigating the Portal, Dis- | Optional: Launching ex-
PM | Thursday | through (Cook- | covery Environment, Data | ecutable and interactive
2:30 PM sey) Store, and other platforms apps. Add a tool and app
Homework for | Introduce  yourself via | Learn about how to nav-
Week 1 QUBES Profile igate and operate on the
QUBES website
Date | Time Activity (Instructor) Content Expected Outcomes
(Week)
1 August 11 | Key Concepts: Commu- | Using tools like | Project management tools, and public
11:00 am | | nication & Documenta- | Slack, Medium, | relations with social media.
August 13 | tion (Swetnam slides) Twitter
1:00 pm
11:45 am | Breakout Sessions Communica- Discuss how you can use GitHub, Web-
| 1:45 pm tion & Project | sites, and Project Management Tools to
onward Management empower your open-science lab
Tools
6 Chapter 1. Expected outcomes:


http://learning.cyverse.org/
http://learning.cyverse.org/
http://learning.cyverse.org/
https://docs.google.com/forms/d/e/1FAIpQLSenaWAujZE-_3CNGNwyt9atS42O5ZAqe20owtjR_mMvgi5HSQ/viewform?usp=sf_link
https://youtu.be/7BXNs8HkYIo
https://youtu.be/7BXNs8HkYIo
https://qubeshub.org/community/groups/cyverse_fmn
https://qubeshub.org/community/groups/cyverse_fmn
https://learning.cyverse.org/projects/foss-2020/en/latest/CyVerse/intro_to_cyverse.html
cyversefossworkspace.slack.com
https://learning.cyverse.org/projects/foss-2020/en/latest/CyVerse/intro_to_cyverse.html
https://learning.cyverse.org/projects/foss-2020/en/latest/CyVerse/intro_to_cyverse.html
https://learning.cyverse.org/projects/cyverse-foss-2020/en/latest/CyVerse/tool_integration_app_building_DE.html
https://learning.cyverse.org/projects/foss-2020/en/latest/reproducible_science/communication.html
https://learning.cyverse.org/projects/foss-2020/en/latest/reproducible_science/communication.html
https://learning.cyverse.org/projects/foss-2020/en/latest/reproducible_science/websites.html
https://learning.cyverse.org/projects/foss-2020/en/latest/reproducible_science/websites.html
https://gitpitch.com/tyson-swetnam/foss-2020
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Date | Time Activity (Instructor) Content Expected Outcomes
(Week
2 August 25 11:00 | Essential Skills Starting with key con-
am | August 27 cepts of Linus command
1:00 pm line and Git
Key Concepts: Linux | GitPitch link Why Linux, | Understanding what open
(Swetnam) Version Control, Contain- | source sofware means to
ers open science
13:00-14:00 The Research Object I: a basic understanding of git
Introduction to GitHub
(Balk)
Optional: Command Line | Basic navigation and file
Refresher manipulation
09:20-10:00 FAIR Data Principles | Metadata, standards, li- | Be able to find standards for
(Walls) censing, legal, and ethics | your data, choose a license
Date Time Activity  (Instruc- | Content Expected
(Week) tor) Qutcomes
3 September 8 11:00 am | | Planning Your | Making  collaboration  and
September 10 1:00 pm Open Science Lab | project management efficient
Date Time Activity  (In- | Content Expected Out-
(Week) structor) comes
4 September 22 11:00 am | Data Manage- | Organization, Sharing, Meta- | Understand why you
| September 24 1:00 pm | ment Overview | data need data manage-
ment
Data Manage- | Writing a Data Management | Learn how to write an
ment Plans | Plan excellent DMP!
(Walls)
Data Manage- | Open Science Framework, Pro- | Be able to work with
ment Tools | tocols.io, CyVerse DataCom- | data management
(Walls) mons tools
Date Time Activity (Instructor) Content Expected
(Week) Out-
comes
5 October 6 11:00 am | Reproducible Research: Basics Turning tools into a work-
| October 8 1:00 pm flow
Introduction to Cloud and HPC | OpenScienceGrid, XSEDE,
(Swetnam) HPC, Commercial Services
Reproducible Research I : Launch- | Launch a virtual machine in
ing VMs (Williams) Atmosphere and provision
it
Reproducible Research II: Pro-
visioning, GitHub and Licensing
(Williams)
1.3. Schedule 7


https://learning.cyverse.org/projects/foss-2020/en/latest/software_essentials/linux.html
https://github.com/tyson-swetnam/foss-2020
https://learning.cyverse.org/projects/cyverse-foss-2020/en/latest/reproducible_science/GitHub.html
https://git-scm.com/
https://learning.cyverse.org/projects/cyverse-foss-2020/en/latest/software_essentials/commandline.html
https://learning.cyverse.org/projects/cyverse-foss-2020/en/latest/software_essentials/commandline.html
../Data_management/FAIR.html
../Data_management/overview.html
../Data_management/overview.html
../Data_management/dmp.html
../Data_management/dmp.html
../Data_management/dmtools.html
../Data_management/dmtools.html
https://learning.cyverse.org/projects/cyverse-cyverse-reproducbility-tutorial/en/latest/index.html
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Date | Time Activity (Instructor) Content Expected Out-
(Week comes
6 October 20 11:00 | Reproducible Research: Con- | Developing and using | Basics of Docker,
am | October 22 | tainers your tools on any plat- | creating your own
1:00 pm form containers
The Research Object I: Intro- | Intro to BioContainers, | Search for, locate,
duction to Containers (Cook- | Docker, Singularity, and | and launch a con-
sey) Kubernetes tainer anywhere
Reproducible Research III:
Containers and workflows
Reproducible Research V: | Basics of Docker, creat-
Build your own Containers | ing your own containers
(Williams, Swetnam)
Date Time Activity (Instructor) Content Expected
(Week) Outcomes
7 November 3 11:00 am | Reproducible Research: Continuous | Making things reli-

| November 5 1:00 pm

Integration

able and automated

Reproducible Research I'V: Computa-
tional Notebooks in CyVerse (Tuteja)

Connecting  your
work in CyVerse
VICE

Learn to cre-
ate a VICE

app

Fix or improve this documentation:

¢ On Github:

* Send feedback: Tutorials@CyVerse.org

& CYVERSE
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1.4 Instructors

Amanda Cooksey, Science Informatician, CyVerse | amcooksey @cyverse.org

Eric Lyons, CyVerse Co-PI and UA Science Lead | ericlyons @email.arizona.edu

Nirav Merchant, Data Science Director | nirav@email.arizona.edu

Tyson Swetnam, Research Assistant Professor, University of Arizona | tswetnam @cyverse.org

Reetu Tujeta, Science Informatician, CyVerse | reetututeja@cyverse.org

Jason Williams, Training Lead, Cold Spring Harbor Laboratory | williams @cshl.edu

Chapter 1. Expected outcomes:



https://learning.cyverse.org/projects/cyverse-foss-2020/en/latest/Containers/introtocontainers.html
https://learning.cyverse.org/projects/cyverse-foss-2020/en/latest/Containers/introtocontainers.html
mailto:Tutorials@CyVerse.org
http://learning.cyverse.org/
http://learning.cyverse.org/
http://learning.cyverse.org/
https://cyverse.org/Amanda-Cooksey
mailto:amcooksey@cyverse.org
https://datascience.arizona.edu/person/eric-lyons
mailto:ericlyons@email.arizona.edu
https://datascience.arizona.edu/person/nirav-merchant
mailto:nirav@email.arizona.edu
https://tyson-swetnam.github.io/
mailto:tswetnam@cyverse.org
https://cyverse.org/Reetu-Tujeta
mailto:reetututeja@cyverse.org
https://jasonjwilliamsny.github.io/profile/
mailto:williams@cshl.edu
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1.4.1 CyVerse Staff

Shelley Littin Coordinator, Marketing & Communications | littin@cyverse.org
Tina Lee, User Engagement Officer | tinal @cyverse.org
Mary Margaret Sprinkle, Assistant Director Finance & Management | marys @cyverse.org
Mariah Wall, User Interface and Application Developer | mgwall @cyverse.org
Fix or improve this documentation:
* On Github:
* Send feedback: Tutorials@CyVerse.org

CYVERSE

(L)
Learning Center Home

1.5 Glossary & Acronyms

A
e action: automate a workflow in the context of CI/CD, see GitHub Actions

« agile: development methodology for organizing a team to complete tasks organized over short periods called
‘sprints’

« allocation: portion of a resource assigned to a particular recipient, typical unit is a core or node hour
* Anaconda: open source data science platform. Anaconda.com

« application: also called an ‘app’, a software designed to help the user to perform specific task

* awesome: a curated set of lists that provide insight into awesome software projects on GitHub

* AVU: Attribute-Value-Unit a components for iRODS metadata.

* beta: (3, a software version which is not yet ready for publication but is being tested
* bash: Bash is the GNU Project’s shell, the Bourne-Again Shell

* biocontainer: a community-driven project that provides the infrastructure and basic guidelines to create, man-
age and distribute bioinformatics packages (e.g conda) and containers (e.g docker, singularity)

* bioconda: a channel for the conda package manager specializing in bioinformatics software

e CLI: (1) the UNIX shell command line interface, most typically BASH (2) the CyVerse Learning Institute

* command: a set of instructions sent to the computer, typically in a typed interface

1.5. Glossary & Acronyms 9


mailto:littin@cyverse.org
mailto:tinal@cyverse.org
mailto:marys@cyverse.org
mailto:mgwall@cyverse.org
mailto:Tutorials@CyVerse.org
http://learning.cyverse.org/
http://learning.cyverse.org/
http://learning.cyverse.org/
https://github.com/features/actions
https://en.wikipedia.org/wiki/Agile_software_development
https://www.anaconda.com/
https://github.com/topics/awesome-list
https://docs.irods.org/4.1.9/icommands/metadata/
https://www.gnu.org/software/bash/
https://en.wikipedia.org/wiki/Command-line_interface
https://learning.cyverse.org
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conda: an installation type of the Anaconda data science platform. Command line application for managing
packages and environments

container: virtualization of an operating system run within an isolated user space

Continuous Integration: (CI) is testing automation to check that the application is not broken whenever new
commits are integrated into the main branch

Continuous Delivery: (CD) is an extension of ‘continuous integration’ to make sure that you can release new
changes in a sustainable way

Continuous Deployment: a step further than ‘continuous delivery’, every change that passes all stages of your
production pipeline is released

Continuous Development: a process for iterative software development and is an umbrella over several other
processes including ‘continuous integration’, ‘continuous testing’, ‘continuous delivery’ and ‘continuous de-
ployment’

Continuous Testing: a process of testing and automating software development.
CRAN: The Comprehensive R Archive Network
CyVerse tool: Software program that is integrated into the back end of the DE for use in DE apps

CyVerse app: graphic interface of a tool made available for use in the DE

Debian: a free OS, base of other Linux distributions such as Ubuntu
Development: the environment on your computer where you write code

DevOps Software *Dev*elopment and information techology *Op*erations techniques for shortening the time
to change software in relation to CI/CD

Discovery Environment (DE): a data science workbench for running executable, interactive, and high through-
put applications in CyVerse DE

distribution: abbreviated as ‘distro’, an operating system made from a software collection based upon the Linux
kernel

Docker: Docker is an open source software platform to create, deploy and manage virtualized application
containers on a common operating system (OS), with an ecosystem of allied tools. A program that runs and
handles life-cycle of containers and images

DockerHub: an official registry of docker containers, operated by Docker. DockerHub
DOI: a digital object identifier. A persistant identifier number, managed by the doi.org

Dockerfile: a text document that contains all the commands you would normally execute manually in order to
build a Docker image. Docker can build images automatically by reading the instructions from a Dockerfile

environment: software that includes operating system, database system, specific tools for analysis

entrypoint: In a Dockerfile, an ENTRYPOINT is an optional definition for the first part of the command to be
run

FOSS: (1) Free and Open Source Software, (2) Foundational Open Science Skills - this class!

function: a named section of a program that performs a specific task

10
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https://cran.r-project.org/
https://www.debian.org/
https://de.cyverse.org
https://www.docker.com/
https://hub.docker.com/
https://www.doi.org/
https://en.wikipedia.org/wiki/Free_and_open-source_software
https://cyverse.org/foss
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git: a version control system software

gitter: a Github based messaging service that uses markdown gitter.im

GitHub: a website for hosting git repositories — owned by Microsoft GitHub

GitLab: a website for hosting git repositories GitLab

GitOps: using git framework as a means of deploying infrastructure on cloud using Kubernetes
GPU: graphic processing unit

GUI: graphical user interface

hack: a quick job that produces what is needed, but not well
HPC: high performance computer, for large syncronous computation

HTC: high throughput computer, for many parallel tasks

IaaS: Infrastructure as a Service. online services that provide APIs
iCommands: command line application for accessing iRODS Data Store

IDE: integrated development environment, typically a graphical interface for working with code language or
packages

instance: a single virtul machine
image: self-contained, read-only ‘snapshot’ of your applications and packages, with all their dependencies

iRODS: an open source integrated Rule-Oriented Data Management System, iRODS.org

Java: programming language, class-based, object-oriented
JavaScript: programming language
JSON: Java Script Object Notation, data interchange format that uses human-readable text

Jupyter(Hub,Lab,Notebooks): an IDE, originally the iPythonNotebook, operates in the browser Project
Jupyter

kernel: central component of most operating systems (OS)

Kubernetes: an open source container orchestration platform created by Google Kubernetes is often referred to
as K8s

lib: a UNIX library

linux: open source Unix-like operating system

makefile: a file containing a set of directives used by a make build automation tool
markdown: a lightweight markup language with plain text formatting syntax
metadata:: data about data, useful for searching and querying

multi-thread: a process which runs on more than one CPU or GPU core at the same time

1.5.

Glossary & Acronyms 11


https://gitter.im
https://github.com
https://gitlab.com
https://en.wikipedia.org/wiki/Infrastructure_as_a_service
https://docs.irods.org/master/icommands/user/
https://irods.org/
https://jupyter.org/
https://jupyter.org/
https://kubernetes.io/
https://www.gnu.org/software/make/
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master node: responsible for deciding what runs on all of the cluster’s nodes. Can include scheduling work-
loads, like containerized applications, and managing the workloads’ lifecycle, scaling, and upgrades. The master
also manages network and storage resources for those workloads

Mac OS X: Apple’s popular desktop OS

N
node: a computer, typically 1 or 2 core (with many threads) server in a cloud or HPC center

(0)
ontology: formal naming and structural hierarchy used to describe data, also called a knowledge graph
organization: a group, in the context of GitHub a place where developers contribute code to repositories
Operating System (OS): software that manages computer hardware, software resources, and provides common
services for computer programs
Open Science Grid (OSG): national, distributed computing partnership for data-intensive research open-
sciencegrid.org
ORCID: Open Researcher and Contributor ID (ORCiD), a persistent digital identifier that distinguishes you
from every other researcher

P
PaaS: Platform as a Service run and manage applications in cloud without complexity of developing it yourself
package: an app designed for a particular langauge
package manager: a collection of software tools that automates the process of installing, upgrading, configur-
ing, and removing computer programs for a computer’s operating system in a consistent manner
Production: environment where users access the final code after all of the updates and testing
Python: interpreted, high-level, general-purpose programming language Python.org

Q
QUAY.io: private Docker registry QUAY.io

R
R: data science programming language R Project
recipe file: a file with installation scripts used for building software such as containers, e.g. Dockerfile
registry: a storage and content delivery system, such as that used by Docker
remote desktop: a VM with a graphic user interface accessed via a browser
repo(sitory): a directory structure for hosting code and data
RST: ReStructuredText, a markdown type file
ReadTheDocs: a web service for rendering documentation (that this website uses) readthedocs.org and readthe-
docs.com
root: the administrative user on a linux kernel - use your powers wisely

S
SaaS: Software as a Service web based platform for using software
schema: a metadata standard for labeling, tagging or coding for recording & cataloging information or struc-
turing descriptive records. see schema.org
scrum: daily set of tasks and evalautions as part of a sprint.

12 Chapter 1. Expected outcomes:


https://en.wikipedia.org/wiki/Ontology_(information_science)
https://opensciencegrid.org/
https://opensciencegrid.org/
https://orcid.org/
https://en.wikipedia.org/wiki/Platform_as_a_service
https://www.python.org/
https://quay.io
https://cran.r-project.org/
https://readthedocs.org
https://readthedocs.com/
https://readthedocs.com/
https://en.wikipedia.org/wiki/Software_as_a_service
https://schema.org/
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¢ shell: is a command line interface program that runs other programs (may be complex, technical programs or
very simple programs such as making a directory). These simple, stand-alone programs are called commands

« Singularity: a container software, used widely on HPC, created by SyLabs

* SLACK: Searchable Log of All Conversation and Knowledge, a team communication tool slack.com
* sprint: set period of time during which specific work has to be completed and made ready for review
* Singularity def file: (definition file) recipe for building a Singualrity container

 Stage: environment that is as similar to the production environment as can be for final testing

T

* tar: software utility for collecting many files into one archive file, often referred to as a tarball

* tensor: algebraic object that describes a linear mapping from one set of algebraic objects to another

 terminal: a windowed emulator for directly enterinc commands to a computer

* thread: a CPU process or a series of linked messages in a discussion board

¢ tool: In the context of CyVerse Discovery Environment, a Docker Container

» TPU: tensor processing unit

 Travis: Travis-CI, a continuous integration software

U

e Ubuntu: most popular Linux OS distribution, based on Debian

» UNIX: operating system

* user: the profile under which applications are started and run, root is the most powerful system administrator

v

e VICE: Visual Interactive Computing Environment - Cyverse Data Science Workbench

« virtual machine: is a software computer that, like a physical computer, runs an operating system and applica-
tions

W

» waterfall: software development broken into linear sequential phases, similar to a Gantt chart

* webGL: JavaScript API for rendering interactive 2D and 3D graphics within any compatible web browser
without the use of plug-ins

* Windows: Microsoft’s most popular desktop OS

» workspace: (vs. repo)

* worker node: A cluster typically has one or more nodes, which are the worker machines that run your con-
tainerized applications and other workloads. Each node is managed from the master, which receives updates on
each node’s self-reported status.

X

¢ XML: Extensible Markup Language, data interchange format that uses human-readable text
Y

* YAML: YAML Ain’t Markup Language, data interchange format that uses human-readable text
Z

e ZenHub: team collaboration solution built directly into GitHub that uses kanban style boards

1.5. Glossary & Acronyms 13


https://sylabs.io/
https://slack.com/
https://travis-ci.org/
https://ubuntu.com/
https://learning.cyverse.org/projects/vice/en/latest/
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* Zenodo: general-purpose open-access repository developed under the European OpenAIRE program and oper-
ated by CERN

* zip: a compressed file format

e zsh: Z-Shell, now the default shell on new Mac OS X

Fix or improve this documentation:
* On Github:
» Send feedback: Tutorials@CyVerse.org

& CYVERSE

(L)
Learning Center Home

1.6 About FOSS

Foundational Open Science Skills (FOSS) is a novel training designed to prepare principal investigators and their
lab teams, both new and established, to meet the growing expectations of funding agencies, publishers, and research
institutions for scientific reproducibility and data accessibility.

This training will cover key concepts about open science:
* Collaboration culture
¢ Software essentials
» Using CyVerse cyberinfrastructure
* Data management

* Cloud computing

1.6.1 Learning Objectives

By the end, participants should have the basic skills needed to:
* Work on the command line
* Write basic scripts in Python, R, and the shell
* Manage, share, and analyze data on CyVerse
* Submit and run jobs in high performance and cloud computing environments

* Communicate and collaborate on data science projects with other scientists and software developers

14 Chapter 1. Expected outcomes:


https://www.zsh.org/
mailto:Tutorials@CyVerse.org
http://learning.cyverse.org/
http://learning.cyverse.org/
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Our goals are to have each participant leave with a plan for how they will set up their own data science lab to conduct open scie

e intra- and inter-lab communication and collaboration
» workflow management systems

* data management systems

* task management

¢ documentation

Approach

FOSS camp focuses on hands on activities — participants should learn skills by practicing them. Most of the skill
taught in this course are interdepent, and lessons are designed to reinforce skills learned earlier in the week. Some
material may be completely new to you, and some may be familiar. If you have experience with a subject, please help
your less-experienced neighbor.

During this week, we will introduce many new tools and technologies, but these are just a sample of what is available
for you to use in your own Open Science Lab. Before choosing which technologies to adopt, you should look around
and see what others in your community are using. This is a case where fitting in with your peers can make you more
productive. For example, if everyone you know is already on Google Chat, you may have a hard time convincing them
to use Slack or Gitter, and vice versa.

We don’t expect anyone to be experts at these skills after one week. Instead, we aim to give you enough hands on
experience to confidently continue with your own self-pased learning. Each lesson includes links to addtional learning
materials that can enhance or expand on what you have learned at FOSS camp.

For up to one year following FOSS camp, CyVerse will provide concierge service to participants, to ensure that they
are able to take full advantage of CyVerse infrastructure for their open science projects.

See the Agenda

Fix or improve this documentation:
¢ On Github:
* Send feedback: Tutorials@CyVerse.org
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1.7 Code of Conduct

All attendees, speakers, sponsors and volunteers at FOSS Camp are required to agree with the following code of
conduct. Organisers will enforce this code throughout the event. We expect cooperation from all participants to help
ensure a safe, inclusive, and collaborative environment for everybody.

Harassment by any individual will not be tolerated and may result in the individual being removed from the Camp.

Harassment includes: offensive verbal comments related to gender, gender identity and expression, age, sexual orien-
tation, disability, physical appearance, body size, race, ethnicity, religion, technology choices, sexual images in public
spaces, deliberate intimidation, stalking, following, harassing photography or recording, sustained disruption of talks
or other events, inappropriate physical contact, and unwelcome sexual attention.

Workshop staff are also subject to the anti-harassment policy. In particular, staff should not use sexualised images,
activities, or other material that conflicts with the code of conduct.

Participants who are asked to stop any harassing behavior are expected to comply immediately. If a participant engages
in harassing behavior, the workshop organisers may take any action they deem appropriate, including warning the
offender or expulsion from the workshop with no refund.

If you are being harassed, or notice that someone else is being harassed, or have any other concerns, please contact
a member of the workshop staff immediately. Workshop staff will be happy to help participants contact local law
enforcement, provide escorts, or otherwise assist those experiencing harassment to feel safe for the duration of the
workshop. We value your attendance.

We expect participants to follow these rules at conference and workshop venues and conference-related social events.

See http://www.ashedryden.com/blog/codes-of-conduct-101-faq or The Carpentries https://docs.carpentries.org/
topic_folders/policies/code-of-conduct.html for more information on Codes of Conduct.

To see the Diversity & Inclusion information for CyVerse, visit https://cyverse.org/diversity-and-inclusion.

Fix or improve this documentation:
* On Github:
 Send feedback: Tutorials@CyVerse.org
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1.8 Open Science Introductory Activity

Presentation: What is Open Science?
Open Science Introductory Activity

¢ Introductions in pairs.
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* Describe your work or research area and draw a picture of the other person’s research.

1.8.1 Planning your own Open Science lab

* Download a copy of the template
* Rename the file replacing “template” with your name.

Day 1

Question - Communication

Knowing your work style, how do you think you will be most productive in a team?

Answer

Communication

Question - Collaboration

How might you use a team charter in your work?

Answer
Create a Charter that has:
e Start and End Dates
* Project Description
* Roles and Responsibilities
* Project Justification
¢ List of Deliverables
* Approach
* Success Criteria

* Key Assumptions

Discussion - Project Management

Imagine you are managing a medium-sized project with collaborators in three different locations. Describe how you
would use technologies like GitHub, Gitter, Slack, Wikis, or Jira to manage your project.

Hints

Version Control with GitHub Documentation

Day 2
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Question - Project Management

How could you combine R and GitHub to manage your project?

Answer

Using Git & RStudio

Discussion - Project Management

Describe how you could use R to make your research more reproducible. Include specific examples from a project
you are working on.

Discussion - Data Management

List two specific ways (i.e. related to an actual project you are working on) in which you could use command line
skills to improve your productivity.

Day 3

Question - Collaboration :class: admonition-question

Which CyVerse features would make collaboration easier for you?

Answer

CyVerse Features

Discussion - Cloud Computing
Describe a situation in which you would use cloud computing or HPC to scale your research?

How would you go about setting up the solution?

Hint

Use Free Research Cyberinfrastructure

Day 4

Question - Data Management

How would you use the CyVerse Data Store to manage the data for a complex, distributed project?

Answer
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CyVerse Data Store

Question - Data Management

What is some element of a data management plan that you had not thought of before today? How would you make a

plan for this element?

Answer

Data Management Overview

Fix or improve this documentation:
¢ On Github:
* Send feedback: Tutorials@CyVerse.org
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1.9 Collaboration Culture and Roles

Instructor: Michael Mandel, Eller College of Business
Mike’s Personal Website
Michael’s Powerpoint Presentation-Monday (link to download this file)

Michael’s Powerpoint Presentation-Friday (link to download this file)

Fix or improve this documentation:
¢ On Github:
* Send feedback: Tutorials@CyVerse.org

1.9. Collaboration Culture and Roles
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1.1

0 Command Line and the Unix Shell

1.10.1 Setup

Launch Atmosphere Instance

1.

A

6.

Go to https://atmo.cyverse.org/ and click ‘Projects’ at the top of the page.
Click the ‘create new project’ button and enter a name and description.
Click ‘images’ at the top of the screen.

Select the image called ‘Ubuntu 18.04 GUI XFCE Base’

Click launch.

>

For this work you can leave all the settings as default and click ‘launch instance’.

Once Instance is ‘Active’

1
2
3
Get

1.

. Click on the image name ‘Ubuntu 18.04 GUI XFCE Base’ in your project.
. Click ‘Open Web Desktop’ on the bottom right corner of the screen.

. On web desktop accept ‘default config’.

Some Data

Click the globe icon at the bottom of the Desktop. This will open FireFox.

2. Copy this link http://swcarpentry.github.io/shell-novice/data/data-shell.zip to the FireFox search bar to down-

load the data. Choose ‘save file’.

To move the file to your (web) Desktop open the file manager (folder icon on Desktop). Open the downloads
folder. Drag the ‘data-shell.zip’ file onto the Desktop.

4. Unzip/extract the file: Right click the file and select ‘extract here’. You should end up with a new folder called

‘data-shell’ on your Desktop.

Open a terminal by selecting the command line icon at the bottom of the desktop.

6. In the terminal, type cd and hit enter.

1.1

0.2 Background

At a high level, computers do four things:

* run programs

e store data

20
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e communicate with each other, and
* interact with us
The graphical user interface (GUI) is the most widely used way to interact with personal computers.
* give instructions (to run a program, to copy a file, to create a new folder/directory) with mouse
* intuitive and very easy to learn
* scales very poorly
The shell - a command-line interface (CLI) to make repetitive tasks automatic and fast.

* can take a single instruction and repeat it

Example

If we have to copy the third line of each of a thousand text files stored in thousand different folders/directories and
paste it into a single file line by line.

 Using the traditional GUI approach will take several hours to do this.

* Using the shell this will only take a couple of minutes (at most).

The Shell

The Shell is a program which runs other programs rather than doing calculations itself.
» programs can be as complicated as a climate modeling software
e as simple as a program that creates a new folder/directory
» simple programs used to perform stand alone tasks are usually refered to as commands.
* most popular Unix shell is Bash, (the Bourne Again SHell).
* Bash is the default shell on most modern implementations of Unix

To see which shell you are using

S echo $SHELL
/bin/bash

A typical shell window looks something like:

bash-3.2%

bash-3.2% 1s -F 7
Applications/ System/
Library/ Users/
Network/ Volumes/
bash-3.2%

first line shows only a prompt
* indicates the shell is waiting for input

* your shell may use different text for the prompt

1.10. Command Line and the Unix Shell 21
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* do not type the prompt, only the commands that follow it
the second line

» command is Is, with an option -F and an argument /

* options change the behavior of a command

e each part is separated by spaces

e capitalization matters

* commands can have more than one option or arugment

* commands don’t always require and option or argument
lines 3-5 contain output that command produced

« this is a list of files and folders in the root directory (/)

Finally, the shell again prints the prompt and waits for you to type the next command.

Warning: Spaces and capitalization are important!

The command line is always case sensitive.

There is always a space between command and option.

Hint: To re-enter the same command again use the up arrow to display the previous command. Press the up arrow
twice to show the command before that (and so on).

1.10.3 Navigating Files and Directories

File System

files—hold information directories (also called “folders”)-hold files or other directories

bin data Users tmp

At the top is the root directory that holds everything else. We refer to it using a slash character, /, on its own; this is
the leading slash in /home/amcooksey.
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Inside that directory are other directories.

Underneath /Users, we find one directory for each user with an account on Nelle’s machine, her colleagues imhotep
and larry.

Users

imhotep larmy nelle

Note: Directory names will vary depending on operating system.

This is just an example. Today we are all using Ubuntu Linux. Instead of ‘Users’ you will have a directory called
‘home’. It works the same way.

Print working directory (pwd)

Directories are like places - at any time while we are using the shell we are in exactly one place, called our current
working directory. Commands mostly read and write files in the current working directory, i.e. ‘“here”, so
knowing where you are before running a command is important. pwd shows you where you are:

$ pwd
/home/amcooksey

Typically, when you open a new command prompt you will be in your home directory to start.

List files and directories (Is)

We can see the contents of our current directory by running Is.

$ 1s
Desktop Documents Downloads Music Pictures Public Templates Videos

1.10. Command Line and the Unix Shell 23




CyVerse Documentation, Release 0.2.0

Your results may be slightly different depending on your operating system and how you have customized your filesys-
tem.

Is prints the names of the files and directories in the current directory. We can make its output more comprehen-
sible by using the option -F (also known as a switch or an option) , which tells Is to add a marker to file and directory
names to indicate what they are. A trailing / indicates that this is a directory.

$ 1s -F
Desktop/ Documents/ Downloads/ Music/ Pictures/ Public/ Templates/ Videos/

Here, we can see that our home directory contains mostly sub-directories. Any names in your output that don’t have
trailing slashes, are plain old files.

Is -1 displays the items in a list with more imformation:

S 1s -1
total 32
drwxr-xr—-x amcooksey root 4096 Jan 29 10:02 Desktop
amcooksey iplant-everyone 4096 Jan 29 10:02 Documents
amcooksey iplant—-everyone 4096 Jan 29 10:02 Downloads
amcooksey iplant-everyone 4096 Jan 29 10:02 Music
amcooksey iplant-everyone 4096 Jan 29 10:02 Pictures
amcooksey iplant-everyone 4096 Jan 29 10:02 Public
amcooksey iplant-everyone 4096 Jan 29 10:02 Templates
amcooksey iplant-everyone 4096 Jan 29 10:02 Videos

drwxr—-xr—-x
drwxr—-xr—x
drwxr—-xr—x
drwxr—-xr—-x
drwxr—-xr—x
drwxr—-xr—x

DN DNDDNDDNDDNDDNDN

drwxr—-xr—-x

Change directory (cd)

We can change our location to a different directory, so we are no longer located in our home directory. The command
doesn’t change the directory, it changes the shell’s idea of what directory we are in.

Hint: Begin typing a file or directory and press Tab. The shell will autocomplete the name.

We can move into the directory we downloaded to our Desktop:

$ cd Desktop

We can see what’s there using Is:

$ cd data

S 1s -1

total 116

-rw-r——r—— 1 amcooksey iplant-everyone 283 Aug 7 20:13 amino-acids.txt
drwxr-xr—-x 2 amcooksey iplant-everyone 4096 Aug 7 20:14 animal-counts
-rw-r——-r—— 1 amcooksey iplant-everyone 136 Aug 7 20:13 animals.txt
drwxr-xr—-x 2 amcooksey iplant-everyone 4096 Aug 7 20:13 elements
-rw-r—-—-r—— 1 amcooksey iplant-everyone 554 Aug 7 20:13 morse.txt
drwxr-xr—-x 2 amcooksey iplant-everyone 4096 Aug 7 20:14 pdb
-rw-r——-r—— 1 amcooksey iplant-everyone 8898 Aug 7 20:13 planets.txt
-rw-r——-r—— 1 amcooksey iplant-everyone 45 Aug 7 20:13 salmon.txt
-rw-r——r—— 1 amcooksey iplant-everyone 73861 Aug 7 20:13 sunspot.txt

We now know how to go down the directory tree, but how do we go up?

With our methods so far, cd can only see sub-directories inside your current directory. There are different ways to see
directories above your current location; we’ll start with the simplest.
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cd without an argument will return you to your home directory

S cd
$ pwd
/home/amcooksey

The shell interprets the character ~ (tilde) at the start of a path to mean “the current user’s home directory”. So cd
~ will also take you to your home directory.

$ cd ~
$ pwd
/home/amcooksey

- (dash) character. cd will translate - into the previous directory I was in, which is faster than having to remember,
then type, the full path.

move up one directory level that looks like this:

’$ cd ..

.. is a special directory name meaning “the directory containing this one”

To move up two directory levels:

’$ cd ../..

In the same way that .. represents the directory above the current working directory, . represents the current working
directory. More on this later.

Relative vs Absolute Paths

When you use a relative path with a command like Is or cd, it tries to find that location from where we are, rather
than from the root of the file system.

However, it is possible to specify the absolute path to a directory by including its entire path from the root directory,
which is indicated by a leading slash. The leading / tells the computer to follow the path from the root of the file
system, so it always refers to exactly one directory, no matter where we are when we run the command.

1.10.4 Working with Files and Directories
Creating directories (mkdir)

As you might guess from its name, mkdir means “make directory”. Make a new directory called thesis.

S mkdir thesis

Since thesis is a relative path (i.e., does not have a leading slash, like /what/ever/thesis), the new directory is created
in the current working directory:

$ 1s -F
creatures/ data/ molecules/ north-pacific-gyre/ notes.txt pizza.cfg
solar.pdf thesis/ writing/

Good Names for Files and Directories
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Complicated names of files and directories can make your life painful when working on the command line. Here we

provide a few useful tips for the names of your files.

1. Don’t use spaces.

Spaces can make a name more meaningful, but since spaces are used to separate arguments on the
command line it is better to avoid them in names of files and directories. You can use - or _ instead

(e.g. north-pacific-gyre/ rather than north pacific gyre/).
2. Don’t begin the name with - (dash).
Commands treat names starting with - as options.

3. Stick with letters, numbers, . (period or ‘full stop’), - (dash) and _ (underscore).

If you need to refer to names of files or directories that have spaces or other special characters, you

should surround the name in quotes (*”).

Since we’ve just created the thesis directory, there’s nothing in it yet:

$ 1s -F thesis

Creating a text files

With a text editor

Let’s change our working directory to thesis using cd, then run a text editor called Nano to create a file called draft.txt:

$ cd thesis
$ nano draft.txt

Let’s type in a few lines of text. Once we’re happy with our text, we can press Ctrl+O (press the Ctrl or Control key
and, while holding it down, press the O key) to write our data to disk (we’ll be asked what file we want to save this to:

press Return to accept the suggested default of draft.txt).

GNU nano 2.0.6 File: draft.txt

It's not "publish or perish" any more,
it's "share and thrive".

Get Help ) WriteQut ﬂ Read File Prev Page
{ Exit Justify . Where Is Next Page

Once our file is saved, we can use Ctrl-X to quit the editor and return to the shell.

E

Cut Text
UnCut Text

In nano, along the bottom of the screen you’ll see *G Get Help *O WriteOut. This means that you can

use Control-G to get help and Control-O to save your file.

nano doesn’t leave any output on the screen after it exits, but Is now shows that we have created a file called draft.txt:

$ 1s
draft.txt
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With touch

We have seen how to create text files using the nano editor. Now, try the following command:

’$ touch my_file.txt

‘What did the touch command do?

Use Is -1 to inspect the files. How large is my_file.txt?

’$ 1s -1

Note: You may have noticed that files are named “something dot something”, and in this part of the lesson, we
always used the extension .txt. This is just a convention: we can call a file mythesis or almost anything else we want.
However, most people use two-part names most of the time to help them (and their programs) tell different kinds of
files apart. The second part of such a name is called the filename extension, and indicates what type of data the file
holds.

Naming a PNG image of a whale as whale.mp3 doesn’t somehow magically turn it into a recording of whalesong,
though it might cause the operating system to try to open it with a music player when someone double-clicks it.

Moving files and directories (mv)

Returning to the data-shell directory,

’$ cd ~/Desktop/data-shell/

In our thesis directory we have a file draft.txt which isn’t a particularly informative name, so let’s change the file’s
name using mv, which is short for “move”:

’$ mv thesis/draft.txt thesis/quotes.txt

The first argument tells mv what we’re “moving”’, while the second is where it’s to go. In this case, we’re moving
thesis/draft.txt to thesis/quotes.txt, which has the same effect as renaming the file. Sure enough, Is shows us that
thesis now contains one file called quotes.txt:

$ 1ls thesis
quotes.txt

Warning: One has to be careful when specifying the target file name, since mv will silently overwrite any
existing file with the same name, which could lead to data loss. An additional option, mv -i (or mv —interactive),
can be used to make mv ask you for confirmation before overwriting.

mv also works on directories

Let’s move quotes.txt into the current working directory. We use mv once again, but this time we’ll just use the name
of a directory as the second argument to tell mv that we want to keep the filename, but put the file somewhere new.
(This is why the command is called “move”.) In this case, the directory name we use is the special directory name .
that we mentioned earlier.

$ mv thesis/quotes.txt
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The effect is to move the file from the directory it was in to the current working directory. Is now shows us that thesis
is empty:

$ 1ls thesis

Copying Files and Directories (cp)

The ¢p command works very much like mv, except it copies a file instead of moving it. We can check that it did the
right thing using s with two paths as arguments — like most Unix commands, Is can be given multiple paths at once:

$ cp quotes.txt thesis/quotations.txt
$ 1s quotes.txt thesis/quotations.txt
quotes.txt thesis/quotations.txt

We can also copy a directory and all its contents by using the recursive option -r, e.g. to back up a directory:

$ cp -r thesis thesis_backup

We can check the result by listing the contents of both the thesis and thesis_backup directory:

$ 1s thesis thesis_backup
thesis:
quotations.txt

thesis_backup:
quotations.txt

Removing files and directories (rm)

Returning to the data-shell directory, let’s tidy up this directory by removing the quotes.txt file we created. The Unix
command we’ll use for this is rm (short for ‘remove’):

$ rm quotes.txt

We can confirm the file has gone using Is:

$ 1ls quotes.txt
ls: cannot access 'quotes.txt': No such file or directory

rm can remove a directory and all its contents if we use the recursive option -r, and it will do so without any
confirmation prompts:

$ rm -r thesis

Warning: Deleting Is Forever

The Unix shell doesn’t have a trash bin that we can recover deleted files from. Instead, when we delete files, they
are unlinked from the file system so that their storage space on disk can be recycled. Given that there is no way
to retrieve files deleted using the shell, rm -r should be used with great caution (you might consider adding the
interactive option rm -r -i).
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1.10.5 Operations with multiple files and directories

Oftentimes one needs to copy or move several files at once. This can be done by providing a list of individual filenames,
or specifying a naming pattern using wildcards.

Copy with Multiple Filenames

For this exercise, you can test the commands in the data-shell/data directory.

In the example below, what does cp do when given several filenames and a directory name?

$ mkdir backup
$ cp amino-acids.txt animals.txt backup/

If given more than one file name followed by a directory name (i.e. the destination directory must be the last argument),
cp copies the files to the named directory.

Using wildcards for accessing multiple files at once

* is a wildcard, which matches zero or more characters. Let’s consider the data-shell/molecules directory: *.pdb
matches ethane.pdb, propane.pdb, and every file that ends with “.pdb’. On the other hand, p*.pdb only matches
pentane.pdb and propane.pdb, because the ‘p’ at the front only matches filenames that begin with the letter ‘p’.

? is also a wildcard, but it matches exactly one character. So ?ethane.pdb would match methane.pdb whereas
*ethane.pdb matches both ethane.pdb, and methane.pdb.

Wildcards can be used in combination with each other e.g. ???ane.pdb matches three characters followed by ane.pdb,
giving cubane.pdb ethane.pdb octane.pdb.

1.10.6 Other Useful Tools and Commands

sudo

allows users to run programs with the security privileges of the superuser

This command is used as a prefix to other commands that you need elevated permissions to run. Which commands
you will need this for will vary depending on the computer you are using at the time. If you receive a permission
denied error it is likely that you will need ‘sudo’ to run the command.

’$ docker run hello-world:latest

’$ sudo docker run hello-world:latest

Note: Use ‘sudo’ with caution. Sometimes important files restrict permission because they are very senstive and it is
un-wise to change them unless you know what you are doing.

head

prints the first few (10 by default) lines of a file

$ head data/sunspot.txt
(* Sunspot data collected by Robin McQuinn from x)
(* http://sidc.oma.be/html/sunspot.html *)

(continues on next page)

1.10. Command Line and the Unix Shell 29



CyVerse Documentation, Release 0.2.0

(continued from previous page)

(# Month: 1749 01 %) 58
(+ Month: 1749 02 *) 63
(*» Month: 1749 03 *) 70
(» Month: 1749 04 x) 56
(+ Month: 1749 05 *) 85
(» Month: 1749 06 x) 84
(» Month: 1749 07 *) 95

tail

prints the last few (10 by default) lines of a file

$ tail data/sunspot.txt
(» Month: 2004 05 x) 42
(» Month: 2004 06 *) 43
(* Month: 2004 07 *) 51
(» Month: 2004 08 *) 41
(» Month: 2004 09 *) 28
(* Month: 2004 10 ) 48
(» Month: 2004 11 *) 44
(+ Month: 2004 12 *) 18
(* Month: 2005 01 *) 31
(» Month: 2005 02 *) 29

history

displays the last few hundred commands that have been executed

$ history

1988 cd

1989 1s

1990 c<d data-shell/
1991 1s

1992 mkdir thesis
1993 1s

1994 1s-F

1995 1s

1996 cd Desktop/data-shell/data/
1997 pwd

1998 cd ..

1999 pwd

2000 1s -F

2001 cd Desktop/data-shell/
2002 head data/sunspot.txt
2003 tail data/sunspot.txt
2004 history

grep

finds and prints lines in files that match a pattern

30
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S cd

$ cd Desktop/data-shell/writing
$ cat haiku.txt

The Tao that is seen

Is not the true Tao, until

You bring fresh toner.

With searching comes loss
and the presence of absence:
"My Thesis" not found.

Yesterday it worked
Today it is not working
Software is like that.

$ grep "not" haiku.txt

Is not the true Tao, until
"My Thesis" not found
Today it is not working

find

finds files

To find all the files in the ‘writing’ directory and sub-directories

$ find

./thesis
./thesis/empty-draft.md
./tools

./tools/format
./tools/old
./tools/old/oldtool
./tools/stats
./haiku.txt

./data

./data/two.txt
./data/one.txt
./data/LittleWomen.txt

To find all the files that end with ‘.txt’

Sfind —name *.txt
./haiku.txt

echo

print stings (text)

This is especially useful when writing Bash scripts

Secho hello world
hello world

1.10. Command Line and the Unix Shell
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>

prints output to a file rather than the shell

$ grep not haiku.txt > not_haiku.txt
S 1s
data haiku.txt not_haiku.txt thesis tools

>>

appends output to the end of a file

$ grep Tao haiku.txt >> not_haiku.txt
$ nano not_haiku.txt

Inano>>|

directs output from the first command into the second command (and the second into the third)

$ cd ../north-pacific-gyre/2012-07-03
$ we -1 *x.txt | sort -n | head -n 5
240 NENE02018B.txt

300 NENEOQO1729A.txt

300 NENEO1729B.txt

300 NENEOQO1736A.txt

300 NENEO1751A.txt

wget

downloads things from the internet

$ cd ~/Desktop
$ rm data-shell.zip
$ wget http://swcarpentry.github.io/shell-novice/data/data-shell.zip

Getting help and further learning

Note: This is was just a brief summary of how to use the command line. There is much, much more you can do. For
more information check out the Software Caprentry page.

There are two common ways to find out how to use a command and what options it accepts:
The help option

We can pass a —help option to the command, such as:

$ 1s —-help

The man command

The other way to learn about Is is to type
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$ man 1s

This will open the manual in your terminal with a description of the 1s command and its options and, if you’re lucky,
some examples of how to use it.

To navigate through the man pages, you may use 1 and ] to move line-by-line, or try B and Spacebar to skip up and
down by a full page.

To quit the man pages, press q.
Manual pages on the web

Of course there is a third way to access help for commands: searching the internet via your web browser. When
using internet search, including the phrase unix man page in your search query will help to find relevant results. GNU
provides links to its manuals including the core GNU utilities , which covers many commands introduced within this
lesson.

¢ On Github: |Github Repo Link|
 Send feedback: Tutorials@CyVerse.org
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1.11 Basics of Linux

Modern web, cloud, high performance computing, and most data science applications are run on operating systems
(OS) other than Microsoft Windows. To do data intensive science, you need a familiarity with Linux. We’ve scheduled
several sections during FOSS for working on Linux Systems, including on the Command Line Interface (CLI) and
Unix Shell, and using CyVerse’ Atmosphere Cloud, which runs Linux OS virtual machines.

The good news comes in two parts. First, whether you know it or not, you probably already use Linux or a platform
based on Linux, on a daily basis. Do you have an Android or iOS phone ? If you own a Mac OS X device, you already
enjoy many of the benefits of a Linux-like OS, including access to a terminal. Second, the Linux experience has
generally been described as satisfying, and many users report moving on from Windows OS to Linux comes without
regret.

Over 87% of the personal computer market still relies on the popular Microsoft OS. However, the landscape changes
completely for mobile apps (99% Linux or Linux-like [Android, iOS], <0.1% Windows), web (66% Linux, 32%
Windows), and cloud or HPC (100% Linux). Microsoft is acutely aware of this disparity, and is actively working
to integrate Linux into their OS, including their acquisition of GitHub (and how it has changed), and the release of
Windows Subsystem for Linux (WSL) 2.

1.11.1 Common Linux Operating Systems

The most common operating systems you’ll see used for data science are:
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* Alpine - small and lightweight, useful in container applications

* CentOS - stable, reliable, most commonly used on web and cloud servers

* Debian - lightweight, utilitarian, stable

» Ubuntu - utilitarian, user friendly, most popular distribution, based on Debian
Enterprise Distributions:

* Red Hat - based on open source software, you pay for customer support

1.11.2 Installing Linux

Desktop-based Distributions

e Ubuntu
¢ Debian
* Mint - “modern, elegant and comfortable operating system which is both powerful and easy to use.”

* OpenSUSE - “The makers’ choice for sysadmins, developers and desktop users.”

Windows Subsystem for Linux

The so-called “WSL” is a complete linux subsystem that runs under Windows 10. Microsoft recently announced WSL
2.0.

Windows Linux Dual boot

Not ready to take the Linux plunge yet? Why not set up a Windows-Linux dual boot?
e Ubuntu

¢ Mint

Package Managers

Linux uses package management services to install programs. If you’re a R user, this should seem familiar.

Packages can be installed on the command line, or in graphic Ul

1.11.3 Self Paced

Best Linux Distributions for Beginners
Beginners Guide to Linux
Fix or improve this documentation:

* On Github:

* Send feedback: Tutorials@CyVerse.org
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1.12 Introduction to Reproducible Science

The so-called reproducibility crisis (see , , ) is something you have probably heard about (and maybe one of the reasons
you have come to FOSS). Headlines in the media (such as ) definitely give pause to researchers and ordinary citizens

who hope that the science used to recommend a course of medical treatment or design self-driving cars is sound.

Before we go further, it’s actually important to ask what is reproducibility?

Question

How do you define reproducible science?

Answer
In , Hans Plesser gives the following useful definitions:

* Repeatability (Same team, same experimental setup): The measurement can be obtained
with stated precision by the same team using the same measurement procedure, the same
measuring system, under the same operating conditions, in the same location on multiple
trials. For computational experiments, this means that a researcher can reliably repeat her
own computation.

* Replicability (Different team, same experimental setup): The measurement can be ob-
tained with stated precision by a different team using the same measurement procedure,
the same measuring system, under the same operating conditions, in the same or a different
location on multiple trials. For computational experiments, this means that an independent
group can obtain the same result using the author’s own artifacts.

* Reproducibility (Different team, different experimental setup): The measurement can
be obtained with stated precision by a different team, a different measuring system, in a
different location on multiple trials. For computational experiments, this means that an in-
dependent group can obtain the same result using artifacts which they develop completely
independently.

The paper goes on to further simplify:

¢ Methods reproducibility: provide sufficient detail about procedures and data so that the
same procedures could be exactly repeated.

* Results reproducibility: obtain the same results from an independent study with proce-
dures as closely matched to the original study as possible.

* Inferential reproducibility: draw the same conclusions from either an independent repli-
cation of a study or a reanalysis of the original study.

1.12. Introduction to Reproducible Science
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Discussion Question
How do these definitions apply to your research/teaching?

Work with your fellow learners to develop a shortlist of ways reproducibility relates to your work. Try to
identify challenges and even successes you’d like to share.

Often, when we say “reproducibility” we mean all or at least several of the concepts the proceeding discussion en-
compasses. Really, reproducibility can be thought of as set values such as some laboratories express in a code of
conduct, (see for example or ). Reproducibility comes from our obligations and desires to work ethically, honestly,
and with confidence that the data and knowledge we produce is done has integrity. Reproducibility is also a “spectrum
of practices”, not a single step. (See figure below from ).

Reproducibility Spectrum
Publication +

Publication Full

Linked and S
only Coda Code i replication

and data code and data

Not reproducible Gold standard

Assuming you have taken in the potentially anxiety inducing information above, the most important thing to know is
that there is a lot of help to make reproducibility a foundation of all of your research.

1.12.1 Reproducibility Tutorial

In the following tutorial, we will introduce some of the software introduced at FOSS in the context of creating a
reproducible experiment. The goal will be to give an example of how connecting various software pieces and practices
can generate a well-documented research project. Though the example will be drawn from a biological example, the
ideas an approaches apply to the sciences in general.

Fix or improve this documentation:
¢ On Github:
* Send feedback: Tutorials@CyVerse.org
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1.13 Communication

We will cover both internal and external communication strategies during the workshop.

1.13.1 Internal
Choosing which software to use for your internal lab communication can be complicated by the cost of setting up, the
cost of maintaining, and simply by the sheer number of platforms that are out there.

For this workshop, we use SLACK (Searchable Log of All Conversation & Knowledge). Microsoft’s competitor to
SLACK is Microsoft Teams.

Remember, the intention of these platforms are to improve productivity & not become a distraction.

Other popular alternatives

e BaseCamp
e Discord
¢ Mastodon

¢ Mattermost

Create a SLACK Workspace

1. Create a new Workspace

2. Create channels, add apps & tools

Create a Gitter

1. Create a Workspace

2. Create channels
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1.13.2 External

Although we didn’t cover it explicitly in the announcement for the workshop, communicating with the public and
other members of your science community is one of the most important parts of your science!

There are many ways scientists use social media and the web to share their data science ideas:

. “Science Twitter” - is really just regular Twitter, but with a focus on following other scientists and organizations,

and tweeting about research you're interested in. By building up a significant following, more people will know
you, know about your work, and you’ll have a higher likelihood of meeting other new collaborators.

. Blogs - there are numerous platforms for blogging about research, the older platforms tend to dominate this

space. Other platforms like, Medium offer a place for reseachers to create personalized reading spaces and self
publish.

. Community groups - There are lists (and lists of lists) of nationals research organizations, in which a researcher

can become involved. These older organziations still rely on official websites, science journal blogs, and email
lists to communicate with their members. In the earth sciences there are open groups which focus on commu-
nication like the Earth Science Information Partners (ESIP) with progressive ideas about how data and science
can be done. Other groups, like The Carpentries and Research Bazaar are focused on data science training and
digital literacy.

Important: Remember Personal and Professional Accounts are Not Isolated

You decide what you post on the internet. Your scientist identity may be a part of your personal identity on social
media, it might be separate. A future employer or current employer can see your old posts. What you post in your
personal accounts can be considered a reflection of the organization you work for and may be used in decisions about
hiring or dismissal.

1.13.3 Self-Paced Material

15 Data Science Communities to Join

Python & Slack

Slack CLI notifications

Gitter Services

Meetups

Fix or improve this documentation:

* Live chat/help: Click on the

* On Github:
 Send feedback: Tutorials@CyVerse.org

reproducible science/./img/intercom.pn .
H6n the bottoniri ght of the pager?gr questions on docimentation
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1.14 GitHub

Version Control is an important component in software development which manages changes to documents, websites,
code, or other digital information. Version control can save you when code changes break things. Web hosting of your
code repositories lets you share and work on code together and save your work in the event of a hardware failure.

The most commmon version control software in data science are git, svn, cvs, and bzr.

Given the limited amount of time we have this week, we are only going to cover Git and one web-based hosting service
(GitHub) in this camp.

In this lesson you will learn how to:
* Interact with git via GitHub
— Using a browser
— Using the command line
* Add collaborators to your organization
* Initialize a git repository on the command line and push it to GitHub
— Push/pull files
— Commit to GitHub
* Learn about versions
— Forks
— Branches
— Merges
— Revert
— Releases

— Badging

Important: GitHub is not really intended for storing or manipulating data

1.14.1 Navigating & Interacting with GitHub
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Basic Layout

GitHub

The basic layout includes:

Profile
Organizations
Teams
Repositories
Projects
Followers
Contributions

Watch / Unwatch repos

Add a Collaborator

Online only

1.

2.

3.
OR

1. Can add collaborators under “Settings” -> “Collaborators’

Go to your Organization
Click “people”

Invite someone!

Create a Repo Online & Locally

Online

1.
2.
3.
4.

5.
6.

Go to your dasboard
Click “New”

Name the repository

i

Initialize with “README” - form of metadata - this tells you and the those looking at the repository what it is

about

Go to “Clone or Download” and clone to local folder / directory titled “Lab”

Can delete repo under “Settings” -> “Options”

Command Line

1. Locate or create a local folder / directory structure titled “Lab”

cd

mkdir -p github/lab
cd github/lab

40
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2. Initialize folder as a repository with git

git init

echo "This is a test repo" >> README.md #append to file
git add . #add all the files in the current directory
git commit -m "initial project"

Note: Documentation is vital You will be doing this for YOU 6 months from now

Interact with GitHub

Clone a repo
This is used to work locally rather than online.
Online
1. Click the down arrow “Clone or download”
2. Click “Open in Desktop”
3. Select where to save it - Create a folder for GitHub repos on your computer locally

Command Line

cd path/to/location

git clone <url> [rename]

#URL of thte repository on GitHub
#rename the directory (optional)

Commit
Online
1. Create a file by clicking “Create a new file”
2. Name file (/name)
3. Write commit message
4. Press “Commit”
OR
1. Create a file locally
2. Click “Upload files”
3. Select file(s) within a folder
Command Line

1. Create a file

cd path/to/repo
touch file.txt

2. Add file(s)

1.14. GitHub a
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git add -A #adds all the new files
git push
git commit -m "added file" #-m initiates a message

Tip: Itis good practice to write commmit messages to remember what you added or fixed.

Create an Issue
Issues are great for tracking decisions made or to-do lists
Online only
1. Click on the repository you just created.
Click on “Issues”
Click on “New issue”
Create a title (# and issue number for reference)

Assign to someone, or create a label

AN

Submit new issue

7. Close issue
Version Control
Online

1. Click on file

2. Click “History”

Command Line

git log

git log --stat #gives abbreviated stats for each commit

git log —-pretty=oneline #can also add options: short, full, fuller

git log —-pretty=format:"$h - %an, %ar : %s #lots of options for pretty=format
g #to quit

Create a branch
Branches are useful to working on code etc. without disturbing the master branch.
Online
1. Select the down arrow on the repository page that says ‘“Branch:master”
2. Create a new branch name
OR
1. Add new file or edit existing file.
2. Write a commit message.
3. Select “Create a new branch”
Command Line

1. Create a new branch
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cd path/to/repo

#common practice to pull before commiting anything

git pull #does a fetch for you

git checkout -b new-branch #creates a new branch and puts you on that branch
#set new branch upstream

git push —--set-upstream origin new-branch

2. Edit some files

#edit files
vi path/to/file
q #to quit

3. Commit changes

git pull

git add

commit —am "changed a file" #stage changes and write a message
git push

Make a pull request

Pull requests are useful to have another set of eyes to review changes before merging them with the master branch.
Online Only

1. From your branch, create a new file

2. Commit file to your branch

3. Hit “Compare & pull request”

4. Go to pull requests

5. Set it on the master branch
Merge
Online

1. Go to “Pull requests”
Select down arrow of “Merge pull request” (if no conflicts)
Delete branch

Leave comment if need be

wooA »N

Close pull request

Command Line

cd path/to/repo

git pull

git checkout new-branch

git merge master #testing to see if merging breaks anythin
git checkout master

git merge new-branch #now repull it all into master

Revert

Command Line

1.14. GitHub
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git log

#copy tag for last working commit

git revert <tag to last working commit>

#will make it look like a new commit

git add -A

git commit -m "changed things back to <commit tag>"
git push

Advanced

Fork
Online
1. Go to a new repository
Click fork
Save to personal repository.

Clone to Desktop.

A

Interact via online or in Desktop.
6. If want to make suggestions, can create a pull request.

Command Line

git close <github-repo>
cd <new-folder>
git fork

Etc.

These are Online only

* Versioning

1. Go to “Releases”

2. Click “Create a new release”

3. Tag version: Version #

4. Release title: I usually put the date of the release, but any system can work
* Reactions:

1. Create a new pull request

2. Looking at the messages, click the smiley face to give a reaction
* Badges

1. Go find a badge!

2. Copy badge code into README:
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Git cheat sheet

Here is a list of the most important commands in Git:

Git Task

Command

Description

Set up your profile locally

Unicorn"

git config —--global user.name "Cy

Set your user name

CylQ@cyverse.org

git config —--global user.email

Set your email address

Create a Repository locally

git init

Initialize a folder as a
git repository

Get an existing repository
from a web service

git clone ssh://git@github.com/
[username]/[repository—-name] .git

Create a local copy of a
remote repository

Branching & Merging

Description

git branch List branches (the asterisk denotes the current
branch)

git branch -a List all branches (local and remote)

git branch [branch name] Create a new branch

git branch -d [branch name] Delete a branch

git push origin --delete [branch name] Delete a remote branch

git checkout -b [branch name] Create a new branch and switch to it

git

checkout -b [branch name] origin/

[branch name]

Clone a remote branch and switch to it

git checkout [branch name] Switch to a branch

git checkout - Switch to the branch last checked out

git checkout —-- [file-name.txt] Discard changes to a file

git merge [branch name] Merge a branch into the active branch
git merge [source branch] [target branch] Merge a branch into a target branch

git stash Stash changes in a dirty working directory
git stash clear Remove all stashed entries

Sharing & Updating Projects Description
git push origin [branch name] Push a branch to your remote reposi-
tory

git

push —-u origin [branch name]

Push changes to remote repository
(and remember the branch)

git push Push changes to remote repository (re-
membered branch)

git push origin —--delete [branch name] Delete a remote branch

git pull Update local repository to the newest

commit

git

pull origin [branch name]

Pull changes from remote repository

git remote add origin ssh://git@github.com/
[username] / [repository—-name] .git

Add a remote repository

git remote set-url origin ssh://git@github.com/
[username]/ [repository—-name] .git

Set a repository’s origin branch to
SSH

1.14. GitHub
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Inspection & Comparison Description

git log View changes

git log —-summary View changes (detailed)

git diff [source branch] [target branch] | Preview changes before merging
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1.15 CI/CD

Building your own software, data management or workflow management systems requires you to do a significant
amount of interpersonnel management, as well as tracking of development.

Software engineers having long suffered under the burden of disorganization and communication with clients, have
come up with a framework for developing software and sharing it with their users.

While data science applications have a different audience and intended result, the organizational practices of software
developers are a valuable and useful tool to consider integrating into your open science lab group.

Frequently Used Terms

* Continuous Integration: (CI) is testing automation to check that the application is not broken whenever new
commits are integrated into the main branch

* Continuous Delivery: (CD) is an extension of ‘continuous integration’ to make sure that you can release new
changes in a sustainable way

* Continuous Deployment: a step further than ‘continuous delivery’, every change that passes all stages of your
production pipeline is released

* Continuous Development: a process for iterative software development and is an umbrella over several other
processes including ‘continuous integration’, ‘continuous testing’, ‘continuous delivery’ and ‘continuous de-
ployment’

* Continuous Testing: a process of testing and automating software development.

* Development: the environment on your computer where you write code

* DevOps: Development and information techology Operations is the set of practices surrounding CI/CD
* Production: environment where users access the final code after all of the updates and testing

¢ Stage: environment that is as similar to the production environment as can be for final testing

1.15.1 Continuous Development

The software developer concept of ‘continuous delivery’ can be applied to your data science projects and lab.
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As we’ve discussed, version control is an important component of modern software development. Critically, version
control can also be used in data science applications and for research project management. There are two dominant
forms of project management for continuous delivery in open source software: Waterfall and Agile Scrum.

https://www.atlassian.com/continuous-delivery/principles/continuous-integration- vs-delivery-vs-deployment
Agile
Agile development practices involve organizing a team around short term (1-2 week long) ‘sprints’. Sprints are orga-

nized by scrum master. Team members are assigned tasks and evaluate their results during sprint reviews and planning
sessions.

Waterfall

Similar to the common Gantt chart a waterfall model is a breakdown of project activities into linear sequential phases,
where each phase depends on the deliverables of the previous one and corresponds to a specialisation of tasks.

Note: In this workshop, we’re working with GitHub, but there are other services, like GitLab or Bitbucket which
might fit your needs better.

1.15.2 Continuous Integration
Doing reproducible science requires you to host your code and versioned software used to complete the analysis, in
addition to the actual data. GitHub or Gitlab could become the central point supporting your data science lab.

Powerful uses of GitHub include integration with other web services, like container registries (DockerHub), websites
(ReadTheDocs, web sites https://pages.github.com/), continuous integration (CircleCI, Jenkins, Travis), and workflow
managers GitHub Actions.

Continous Integration (CI) is a practice of checking code repositories (typically a few times a day) to test for changes
which may cause failures.

CI can be integrated into either scientific programming workflows or into code development
The most popular CI tools are:

e Travis CI - fast, easy to set up, cloud based

¢ Circle CI - fast, easy to set up, cloud based

* Jenkins - free, can be hosted internally (requires server), highly customizable (plugins)

When to use CI?

* building or hosting services to a community
* developing versioned copies of containers for public consumption
* DevOps + Data Science

Travis CI

Setup
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Circle CI

Setup

Jenkins

Jenkins is a bit harder to set up because you need a dedicated server

Setup

GitHub Actions

GitHub now offers ‘actions’ which serve as an integrated CI for your repositories

1.15.3 Badges

Status badges can be embedded in a README.md. Badges let you show the state of code or documentation.

You can view a diverse list of different badges on Shields.io

Now you can pass the style GET argument, to get custom styled badges same as you would for shields.io. If no

argument is passed, £ 1at is used as default.

STYLE

BADGE

flat

flat-square

for-the-badge

plastic

social

1.15.4 Self paced

Circle vs Jenkins vs Travis

Fix or improve this documentation:
* On Github:
» Send feedback: Tutorials@CyVerse.org

& CYVERSE
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1.16 Websites & Documentation

This website is rendered using a ReadTheDocs.org template. Think of RTD as “Continuous Documentation”.

ReadTheDocs has become a popular tool for developing web-based documentation. CyVerse Learning Materials
Github hosts a few templates which you can view and pull for your own use.

Bookdown is an open-source R package that facilitates writing books and long-form articles/reports with R Markdown.
GitHub Pages using Jekyll or Bootstrap.js, are another popular way of hosting websites via GitHub.

Confluence Wikis (CyVerse) are another tool for documenting your workflow.

1.16.1 Some things to remember
ReadTheDocs

* publishing websites via ReadTheDocs.com costs money.

* You can work in an offline state, where you develop the materials and publish them to your localhost using
Sphinx

* You can work on a website template in a GitHub repository, and pushes are updated in near real time using
ReadTheDocs.com.

Bookdown
* Bookdown websites can be hosted by RStudio Connect
* You can publish a Bookdown website using Github Pages
GitHub Pages
* You can pull templates from other GitHub users for your website, e.g. jekyll themes
 GitHub pages are free, fast, and easy to build, but limited in use of subdomain or URLs.
Confluence Wiki

» CyVerse is paying for Confluence access.
¢ Integration with other platforms like Jira.

* Scripting in the Confluence Wiki is different than other platforms and may be less reprodicuble.
1.16.2 Build your own Website

ReadTheDocs

1. Install
2. Use Github

3. Create a ReadTheDocs account
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Bookdown

1. Install R and RStudio

2. Install Bookdown package

install.packages ("bookdown", dependencies=TRUE)

3. Open the Bookdown demo and get started

GitHub Pages

1. Create a GitHub account
2. Clone the repo https://github.com/username/username.github.io
3. Create an index.html

4. Push it back to GitHub

CyVerse Confluence Wiki

1. Create a CyVerse Account and log into https://wiki.cyverse.org
2. Create a a new Blank Page

3. Set permissions to share or make private

1.16.3 Methodology

Protocols.io - collaborative platform and preprint server for: science methods, computational workflows, clinical trials,
operational procedures, safety checklists, and instructions / manuals.

QUBES - community of math and biology educators who share resources and methods for preparing students to tackle
real, complex, biological problems.

Fix or improve this documentation:
* On Github:
 Send feedback: Tutorials@CyVerse.org

& CYVERSE

(L)
Learning Center Home
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1.17 Data Management Overview

1.17.1 Why should you care about data management?

If you give your data to a colleague who has not been involved with your project, will they be able to make sense of
it? Will they be able to use it effectively and properly?

If you come back to your own data in five years, will you be able to make sense of it? Will you be able to use it
effectively and properly?

When you are ready to publish a paper, is it easy to find all the correct versions of all the data you used and present
them in a comprehensible manner?

Data management produces self-describing datasets that: - make life much easier for you and your collaborators -
benefit the scientific research community by allowing others to reuse your data - are required by most funders and
many journals - Recent Dear Colleague letter from NSF - NSF proposal preparation guidelines: https://www.nsf.gov/
pubs/policydocs/pappg19_1/pappg_11.jsp#XID4

1.17.2 Data Management Basics

The Data Life Cycle

Data management is the set of practices that allow researchers to effectively and efficiently handle data throughout
the data life cycle. Although typically shown as a circle (below) the actually life cycle of any data item may follow a
different path, with branches and internal loops. Being aware of your data’s future helps you plan how to best manage
them.
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Plan ]
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| Analyze | | collect |

[Integrate] [ Assure ]

— (pescrive )

Preserve

Image from Strasser et al..

Data Types

Different types of data require different management practices. What are some of the considerations for managing:

e tabular data

* images

* sound or video recordings
* geospatial data

* sensor data

* raw versus processed data

e files versus datasets
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Best practices for the data life cycle

The summary below is adapted from the excellent DataONE best practices primer.

Plan:

Collect:

Assure:

Describe the data that will be compiled, and how the data will be managed and made accessible throughout
its lifetime.

A good plan considers each of the stages below.

Have a plan for data organization in place before collecting data.
Collect and store observation metadata at the same time you collect the metadata.

Take advantage of machine generated metadata.

Record any conditions during collection that might affect the quality of the data.
Distinguish estimated values from measured values.
Double check any data entered by hand.

Perform statistical and graphical summaries (e.g., max/min, average, range) to check for questionable or
impossible values.

Mark data qualtiy, outliers, missing values, etc.

Describe: Comprehensive data documentation (i.e. metadata) is the key to future understanding of data. Without a
thorough description of the context of the data, the context in which they were collected, the measurements that were
made, and the quality of the data, it is unlikely that the data can be easily discovered, understood, or effectively used.

* Organize your data for publication. Before you can describe your data, you must decide how to organize them.
This should be planned before hand, so that data organization is a minimal task at the time of publication.

¢ Thoroughly describe

the dataset (e.g., name of dataset, list of files, date(s) created or modified, related datasets)

the people and organizations involved in data collection (e.g., authors, affiliations, sponsor)
% Go get an ORCID if you don’t have one.

the scientific context (reason for collecting the data, how they were collected, equipment and software
used to generate the data, conditions during data collection, spatial and temporal resolution)

the data themselves

* how each measurement was produced
* Units

* format

* quality assurance activities

% precision, accuracy, and uncertainty

Metadata standards and ontologies are invaluable for supporting data reuse.

* Metadata standards tell you

— which metadata attributes to include

— how to format your metadata
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— what values are allowable for different attributes
¢ Some metadata standards

— DataCite (for publishing data)

Dublin Core (for sharing data on the web)

Minimum Information for any (x) Sequence (MIxS)
— OGC standards for geospatial data
* Ontologies provide standardization for metadata values
— Example: Environment Ontology terms for the M