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Random data sets from 92 public repositories (1,95 TB / 3.5 Mio. files):
» At least 140 different file formats (lower boundary)
* 4 to 39 different file formats per dataset. E.g. humanities use an avg. of 10,2 formats / data set.

Are research data sets FAIR in the long run? Wehrle & Rechert, iDCC 2018



Rendering a Digital Artefact

. ~ . ~ - N

s ~ ’ N ’ AN N
’ / \ T =N eee| ’ A
) O \ f \ 1 ' -
‘ J . www Loy | Digital artefacts
N N PN exe ,

* _CD-ROM ,’ * _ Website ,’ ‘' App

’

R B B

Additional software
““““““““““““ Software environment

technical interfaces

(OS drivers)

Hardware environment




’ s / N ’ AN N
I / \ / \ eee \ / \
1 \ ! \ 1 1 R ~
l Q/ roy www Lo | Digital artefacts
\ ! \ ] \ .exe ’
\ ’ \ ’
e

Software environment

technical interfaces

(OS drivers)

Hardware environment

1

Huge number of
different dig. object

types

Objects fixed. Archived
objects do not change
over time.



) - ~ . , P ~ . ) P . N .
/ ] / —\ eee \ ’ Al
! ! ' ! ! - =
l Q/ Loy www o . Digital artefacts
S P exe|

* _CD-ROM ,’ ‘' Website ,” ' App

/
~ - ~ - ~ <
- | - - ‘ - - ‘ -

Additional software

. Software environment
Operating system

technical interfaces
(OS drivers)

Computer system Hardware environment

7 \ - - = - - = ~ - - - ~

; \ 7 /7 \ 7/

I v
| .

l ,

\ ! !

\
\ /
R
g ,
N )

Huge number of
different dig. objects.

Fixed. Do usually not
change over time.

Rather small number of
different hardware
environments.

Require replacements
(continuously).



Emulation as a Service
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Operating system Software environment executable environment “on-demand”
— » Supply the right emulator version and
technical interfaces . .
(OS drivers) preconfigures common settings

> Enable access to emulators over the
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Emulation as a Service

* In development by the bwFLA team at
the University of Freiburg since 2011

* Since 2016 EMiL — Reading Room
Solution (German Nat. Library)

 Since 2017 OpenSLX GmbH provides
commercial support
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FaaS in Production HERITAGE GOLD

MONGREL
1998

Heritage.tmp
39.8 MB in disk 58.5 MB available

ale lut Brown.female lut

Black.

m.

S
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Zero Zero ‘ellow fernale.lu Yellowle.\ut
1997

Play Play Play I

Run the emulator close to your location: | United States v

RHIZOME

» About Emulation as a Service The Theresa Duncan CD-ROMs

http://archive.rhizome.org/theresa-duncan-cdroms http://archive.rhizome.org/anthology/heritage-gold.html



http://archive.rhizome.org/anthology/heritage-gold.html
http://archive.rhizome.org/theresa-duncan-cdroms

Emulation is becoming EaaSler

* Improve usability
* new Ul developed by UX experts
e Multi tenancy
* Streamlined deployment and operation

e Distributed Emulation Service
* Working together - share work & expertise

* Discovery and Description

 Access

C MELLON  ((5]) Msed i Yale

FOUNDATION



EaaSI| a Distributed Emulation Service
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Share Work & Expertise

 Share software resources and
emulation environments in the
network

e OAI-PMH to distribute metadata
* Containerized emulators

* Thousands of pre-configured
software environments and
software resources provided by Yale
University Library




EaaSI| a Distributed Emulation Service

Private m Remote

Number of Environments: 8
Page Size: [ ]

Name

. Ubuntu 6.06.1 Base v1
. Fedora 1 Base V1

. Windows 98 SE + Micros...
. Windows 98 SE + BeOS5...
. RaspberryPi 2018-11-26 ...
. Windows 98 SE + Micros...
. Ubuntu 7.04 Base V1

. Windows NT 4.0 Worksta...

ID

e1804690-589b-4642-b...
d15443af-a2ac-4695-a5...
982ee560-6263-4349-9...
c9e075d0-45ca-40f7-8b...

eeea’/76a-3f1d-4a3c-bef...

6054ab6b-d671-4b8c-a...
a9b78d22-e91e-4dab-b...

7d61c929-5d99-49f9-9...

Owner
shared
shared
shared
shared
shared
shared
shared

shared

Share Work & Expertise

e Share software resources and
emulation environments in the
network

* OAI-PMH to distribute metadata
e Containerized emulators

Actions

Choose action ~
Choose action ~
Choose action ~
Choose action ~

Choose action ~

* Thousands of pre-configured
software environments and
software resources provided by Yale
University Library

Choose action ~
Choose action ~
Choose action ~

Page [1] of [1]




EaaSI| a Distributed Emulation Service

Share Work & Expertise

 Share software resources and

Import Emulator

Import emulator from a Docker container registry. emUIation enVironmentS in the
Specify container name and tag: n etWO r‘ k
Hae * OAI-PMH to distribute metadata
Tag (optional * Containerized emulators
Emulator alias (optional): L Thousands Of pre'configu red

software environments and
software resources provided by Yale

University Library
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Discovery & Description
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* Defining profile for description of

UNIX® System Requirements Adc
* 16-64 MB of RAM for |

. * 40-128 MB swap space Wol
software and computer environments
space (65 B recommended) * 641

* X Window System™ X11R5 Ad(

« Adobe PostScript® printer for

- CD-ROM drive airl

 Comprehensive, open, machine-

R.ql-liromem's -5 Additional Requirements for .|3R2|):
dable d ' e seancence
readable documentation oester rocescr i oot
*5M « 16 MB of RAM
o o recan?rfn?r\\zle(g)MB Additional Requirements for
* Incorporating services developed by et T

* Apple® System Software version

Wikidata for Digital Preservation oot S




Access

Environments

* Emulated CD-ROM environment sharing
service

* Virtual Reading Rooms Service
e Scientific Open Source Software Portal

* API to automatically render objects in
original software via emulation




Introducing CiTAR

AN

request VRE

DOI landing page

5 U\
feractive HTLMet
n Netwo K gocK b
Head\ess ComeY
~N
\__|
request ((]T AR iieitici
session RESEARCH

D>

16



Preserving Containers
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i Orkt N
§ IFTI
-’g’ Container
s
3 | (o s
. \sJ docker
[ |
technical dependencies l l

reserV ation
risks

|
|
|
|
|
|

Container Runtime

Linux OS |
\ 4

container runtime

Hardware

> runtime configuration

ext. dependencies

stable tech
en\ﬂ\'onme“

1

OCI runC

Linux OS

Emulator (EaaS)

}BULIO} J3Ulelu09 d1I9uab

awinunJ J3uleuod d119uab

(CiTAR

CITING &
ARCHIVING
RESEARCH



Emulating Servers — Emulating a Network
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EaaS
Virtual Private

Emulated Network

* Emulate cable, copper and

= R Ethernet components
C—1  I—

| |

Server 1 Server * Orchestration & Lifecycle

(optional)

-~

. Emulated Client :

Ethernet Switch Intornet Gatoway
SLIRP / NAT

* Access models

EaaS Proxy /
external

connections , * CITING &
‘ . ITARARCHIVING
RESEARCH

Native Client



EaaS
Virtual Private
Emulated Network

Connect an emulated client to the
network
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Example: E [ Queries & Connections Al
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Sort Filter Textt
e Zl Colum
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Connect an emulated MS SQL instance . |
. . Navigator
with a local MS Excel client. _
~ Customer and
F [ G Select multiple items City
Display Options ~ Aachen
4 5 ODBC (dsn=localhost:3) [5] Albuguerque
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® O Anwendung starten FEr S I P
4 £ ODBC (dsn=localhost:3) [5] AuerauE
. ) L. . A Anchorage
Dieser Link muss mit einer Anwendung gedffnet werden. [ master Ann Arbor
Senden an: [ msdb Annecy
4 Northwind [1] Arhus
4 dbo [31] Barcelona
— . . Barquisimeto
Andere Anwendung auswihlen Durchsuchen... | Alphabetical list of products b -
=" . 7
Category Sales for 1997 Bergamo
™ Current Product List Berdin
™ Customer and Suppliers by City Berlin
™ Invoices Bern
Auswahl fir web+eaas-proxy-Links speichern. ™ Order Details Extended Foise
—_ Bost
=1 Order Subtotals Of o
_ Bracke
= Orders Qry Brandenburg

sonnections

I"

s CITING &

' I ARCHIVING
RESEARCH

Nduve ulierit



Digital Dark Ages? No! But Dark Clouds Ahead

News Weather Shop Earth Travel N TECH

BE Q Sign in

Sport

Entertainment & Arts

Tech | Science Stories

UK | Business

000

Science & Environment

Google's Vint Cerf warns of 'digital Dark
Age'

By Pallab Ghosh
Science correspondent, BBC News, San Jose

Meeting on the Future
of Internet Governance
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Sorry, you need Flash to play
this.

'DIGITAL DARK AGE' COULD LEAVE
HISTORIANS WITH NO RECORDS OF THE
21ST CENTURY [ TTRRAA

Enable it in your browser or
download Flash Player here.

et governance in Sao

Watch Pallab Ghosh's full interview with Vint Cerf, internet pioneer, on his "digital Dark Age" wamning

Resident engineer John Roberts poses as he looks at the millions of newspapers stored on racks at the National Newspaper Archive in
Boston Spa. The British Library's brand new National Newspaper Building has officially opened. The newly built storage void

Google vice president recommends printing out important pictures, so that they can be
preserved for history

Vint Cerf, a "father of the internet", says he is worried that all the images and
documents we have been saving on computers will eventually be lost.

Why the 'Father of the Internet’' Thinks You
Should Print Out Your Photos

Stories From M iceat mecia

Read More

BUSINESS

Google's Android Wear
Shipped Just 720,000
Units Last Ye...

TECH

Here's an Easy Trick to
Get More Free Google
Drive Stora...

BUSINESS

5 Things You Need to
Know About the Coolest
Company Goog...

TECH
Ex Google and Facebook




New Type of Objects The G-o51- Cemetery
New Type of Obsolescence  [E—

New Preservation Methods

G L 3 o Spaces I )

 Software-objects became “blurry”,
boundaries are difficult to define B I e P

2011-2018 2016-2017 2005-2017

* Difficult to inspect, to capture and to <R> . /{"i,j @
St O re Project Ara Panoramio Google Code Picasa

modular smartphone project geo-located photo sharing project hosting service online photo-sharing tool

2014-2016 2005-2016 20062016 2002-2016

-

https://gcemetery.co/

* Complex on-demand relationships



https://gcemetery.co/

Thank youl!

e klaus@openslx.com (@kurau5u)

* http://www.softwarepreservationnetwork.org/eaasi

* http://citar.eaas.uni-freiburg.de
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