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R
eproducibility and R

esearch
•

Scientific Softw
are is often challenging to w

ork w
ith

•
D

ifficult installation
•

Low
 support from

 the developers
•

Very outdated
•

C
om

plex D
ependency trees

•
Because

ofthis its often desired for a softw
are to be repeatable and 

accurate.
•

Butinstalls
are

only
done

once.W
hy

should
Icare

aboutreproducible 
applications. 
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The C
ase for R

eproducibility

•
R

esearch is C
ollaborative

•
Team

 m
em

bers w
ork together to get projects done.

•
R

eproducibility ensures all m
em

bers of a team
 can provide productivity tow

ards a 
project.

•
R

esearch is C
orrecting

•
R

esearch is hard
•

Academ
ic review

s are com
m

onplace
•

Som
eone m

ay w
ish to accurately reproduce your w

ork
•

R
esearch is C

ontinuous
•

You m
ay be w

orking on a single project for a long period of tim
e

•
W

hat happens in you m
ove, but bring your w

ork to another system
?
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O
ptions for reproducibility

•
Lots of options!

•
D

etailed instructions
•

Softw
are bundles

•
Virtual Environm

ents
•

Python, Anaconda, Spack
•

But do they really enable accurate reproducibility?
•

Incorrect installs?
•

H
ardw

are or O
S?

•
Perform

ance?
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C
ontainers

•
A C

ontainer is a packaged bundle of O
S, libraries, softw

are and files that 
runs as a process under a host O

S
•

C
ontainers use an application on the host operating system

 called a 
C

ontainer M
anager

•
M

anages operating system
 and libraries run as containers

•
Like virtual m

achines, but does not need dedicated C
PU

s m
em

ory or storage
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V
irtualization (1)

•
Virtualization is a technology that utilizes softw

are to abstract com
ponents 

of a technology
•

The m
ost com

m
on application is in H

ardw
are Virtualization

•
Virtual M

achines
•

Partitions off M
em

ory, C
PU

, G
PU

, and Storage
•

R
uns a virtual O

S
•

R
uns softw

are on the virtualized m
achine

•
Exam

ples: VM
w

are, Virtualbox
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V
irtualization (2)

•
Another use of virtualization is in O

S Level Virtualization
•

C
an run m

any isolated guest O
S instances under a host O

S
•

This virtualization is w
hat is used by D

ocker and other container softw
are.

•
Best of both w

orlds!
•

Isolated environm
ents

•
N

o hardw
are partitioning
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C
ontainerization S

oftw
are

•
D

ocker
•

W
ell established –

largest user base
•

H
as D

ocker H
ub for container sharing

•
Problem

atic w
ith H

PC
 (Fix incom

ing!)
•

Singularity
•

D
esigned for H

PC
•

Second largest userbase
•

D
eveloped for scientific use

•
C

harliecloud; Shifter
•

D
esigned for H

PC
•

Based on D
ocker

•
Less user-friendly

8/2/2021
R

eproducibility w
ith D

ocker
10



Installing D
ocker

•
D

ocker C
om

m
unity Edition

•
C

om
fy G

U
I to help keep track of containers and im

ages!
•

Available on all operating system
s

•
W

indow
s users can enable W

SL2 support follow
ing the instructions here: 

https://docs.docker.com
/docker-for-w

indow
s/install/

•
D

ocker toolbox
•

Legacy solution for W
indow

s and M
ac for versions that do not m

eet the 
version

requirem
ents.

•
U

tilizes the Virtual Box hypervisor for virtualization
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D
ocker N

uts and B
olts

•
D

ocker runs on a concept of im
ages and 

containers.
•

Im
ages: Saved snapshots of a container 

environm
ent.

•
M

ade from
 a D

ockerfile
or pulled from

 
D

ocker H
ub

•
Stored in the D

ocker cache on your disk
•

Im
m

utable (m
ostly…

)
•

C
ontainers: Instances of im

ages that are 
generated by D

ocker w
hen an im

age is 'run'
•

Instance of im
age running in m

em
ory

•
Ephem

eral and state cannot be saved
•

C
an be run interactively
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D
ocker ‘H

ello W
orld’

•
Let's start w

ith som
ething sim

ple:
•

D
ocker "H

ello, W
orld!"

•
R

elatively sm
all im

age
•

N
o

dependencies
•

Built as a general test case
•

C
om

m
and w

e w
ill run:

docker run hello-w
orld
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D
ocker C

om
m

ands
•

D
ocker C

om
m

ands are usually in the form
 of:

•
docker<sub-com

m
and> <flags> <target/com

m
and>

•
Exam

ples:
docker run -itm

yim
age

docker container ls
docker im

age prune8/2/2021
R
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Launching a D
ocker C

ontainer
•

Launch docker im
age as a container:

docker run <im
age-nam

e>
•

R
un a docker im

age interactively:
docker run -it <im

age-nam
e>

•
If an im

age is not on the system
, then D

ocker w
ill search D

ockerhub
to see 

if the im
age exists.

•
Specify com

m
ands after your im

age to execute specific softw
are in your 

container.
docker run

<im
age-nam

e> <program
>
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E
xploring a D

ocker C
ontainer

•
D

ocker containers are running tiny operating system
s!

•
W

e can explore the operating system
 by invoking a shell

docker run –it ubuntu bash
•

This com
m

and launches the ubuntu D
ocker container w

ith the 
com

m
and ‘bash’
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M
ounting and File A

ccess (1)
•

So now
 that w

e have a w
orking container, how

 can w
e access the test files 

w
e dow

nloaded?
•

M
ounting directories: Bind M

ount
•

Allow
s the docker container to access files on the host O

S
•

C
hoose host's source directory, files in the directory w

ill be m
oved to the 

container's target directory
•

Source D
irectory: D

irectory on the host system
. N

ever w
ithin a container.

•
Target D

irectory: D
irectory in the D

ocker C
ontainer. N

ever on the host 
system

.
•

A flag set w
ithin the docker run com

m
and:

docker run -v <source-dir>:<target-dir> <im
age>
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M
ounting and File A

ccess (2)
•

M
ounting directories: Volum

e M
ount

•
Sam

e concept, but volum
es are stored w

ithin docker cache.
•

C
reate D

ocker volum
es in your term

inal and link your volum
e directory

•
Sim

ilarly linked through the docker run com
m

and.
docker run

-v <volum
e-nam

e>:<target-dir>
<im

age>
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D
em

o 1: R
unning a C

ontainer
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D
em

o 1: G
R

O
M

A
C

S
•

G
R

O
M

AC
S is a m

olecular dynam
ics application that can often be a 

com
plex and challenging installation for the average user.

•
Linux and M

ac only
•

D
ense D

ocum
entation

•
Softw

are requires com
pilation

•
Luckily, this can be trivialized w

ith D
ocker!
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D
ockerhub

•
The place w

here containers live!
•

D
ockerhub

is a D
ocker hosted library of public and private D

ocker im
ages.

•
Free and unlim

ited public im
ages

•
1 free private repository

•
G

reat for hosting im
ages for fellow

 researchers
•

C
om

m
ands like git
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D
ockerhub

C
om

m
ands

•
D

ow
nload and upload docker im

ages w
ith ease.

•
docker run <im

age>
•

docker pull <im
age>

•
U

ploading a little m
ore com

plicated...
•

Sign in w
ith:

docker login
•

List docker im
ages w

ith:
docker im

age ls
•

Tag your im
age:

docker tag <im
age-id> <your-usernam

e>/<im
age-nam

e>:<tag>
•

Push!
docker push <your-usernam

e>/<im
age-nam

e>
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B
uilding a D

ocker C
ontainer

•
To build a docker container, w

e need a set of instructions D
ocker can use 

to set up the environm
ent.

•
D

ockerfile
•

O
nce we set up our dockerfile

w
e can use the com

m
and

docker build –t <im
age-nam

e> .
•

Then w
e can run the im

age w
ith our docker run com

m
and

docker run <im
age-nam

e>
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D
em

o 2: B
uilding a D

ocker Im
age
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D
em

o 2: C
ustom

 P
ython installation

•
Lets

set up a shareable Python im
age holding all the required packages 

for our w
orkflow

:
•

Python 3.9.6-slim
•

N
um

py
and M

atplotlib
•

R
un an exam

ple script
•

Push to D
ockerhub!
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M
odifying a D

ocker Im
age

•
Suppose you have an existing docker im

age and w
ant to m

ake changes…
•

R
ebuild D

ockerfile!
•

U
sually

a bit cum
bersom

e
•

N
o D

ockerfile?
•

U
se docker com

m
it!

docker run -it <im
age-nam

e> bash # or any shell...
•

Then com
m

it it to the im
age

docker com
m

it <im
age-id> <im

age>
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D
ocker C

om
pose

•
External U

tility that can create and install docker im
ages.

•
Builds docker im

ages based on a docker-com
pose.ym

lfile.
•

YAM
L:YAM

L Ain'tM
arkup Language

•
D

ata serialization language
•

D
escribes containers you w

ish to build w
ith w

hat features.
•

N
ot a docker com

m
and but com

es bundled w
ith docker!
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Q
uestions?8/2/2021

R
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A
dditional R

esources
•

D
ocker: https://w

w
w.docker.com

/
•

D
ocker D

ocs: https://docs.docker.com
/

•
D

ocker H
ub: https://hub.docker.com

/
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Thank you!
•Please fill out the survey: 

http://tinyurl.com
/curc-survey18

•Contact inform
ation: 

rc-help@
Colorado.edu

•Slides:
https://github.com

/CU-Boulder-CRDDS/data_bootcam
p
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