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“I knew you were for me”

So they found a small cafe

In a cobbled street

He told her that his name was Fred
She said, “mine’s Marguerite”

She said, “the memory of our day”
“Is one I’'1ll always keep”

And after taking bread and wine
The sparrows fell asleep

He woke up to the sound of bells
And said, “those bells I know”
“Those ain’t the bells of Notre Dame”
“Them there’s the Bells of Bow”
It’s just another sparrow’s dream
Above a London street

But I’1l remember all my life

A bird called Marguerite.”

mbed and locked my hands about his neck. The stick swished twice as
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DemO Environments

Virtual machines Qbject Cnvironmen's Containers

Windows 98 SE - Autoboot to Works Document

Runj [Edit cescription] [Delete] |Add software




Overview

Demo
Background/History
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they [future generations]
should be able to
generate an emulator to
run the original software
that will display my
document.

Jeff Rothenburg, Ensuring the Longevity of Digital Documents”, Scientific
American, Vol. 272, Number 1, pp. 42-7. 1995. °



Users heed the option to interact
with objects in original software
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Research results are at risk of loss
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TAPER EQUATIONS
REDICTION OF DIAMETER(d) AT ANY LENGTH(L) FROM TIP OF TREE IS
= 100*SqRoot ((4VU/(PixH) )

A 3 4 5 B?
(B1(L/H) + BZ2(L/H) + B3(L,H) + B4(L,/H) + BS(L/H) + B6(L/H)

PREDICTION OF VOLUME(u) at A LENGTH(L) FROM TIP OF TREE IS

2 3 2 4 3 5 4 6 5
u =(U/H)»*(B1(L/2H) + B2(L ~»3H ) + B3(L ~,4H ) + B4(L ,5H ) + BS(L /6H )

B7+1 B?
+ B6(L /(B?+1)H )

EQUATION CODES ARE TInn FOR INSIDE BARK function no nn.

Insert P1 L46 VU?7.00" C1 HO.00"

Original content in original software
(WordStar for DOS in Microsoft DOS)

[NB: equation predicting tree growth rates
includes exponents documented using
upper line of text]
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TAPER EQUATIONS

PREDICTION OF DIAMETER(d) AT ANY LENGTH(L) FROM TIP OF TREE I3 :

_d= 100*8 qRoot((4V (Pi*H))*

2 3 4 _5__B7
__(BI(L/H) + BX(L/H) + B3(L/H) + BAL/MH) +BSQLHE) +B6SQLH) )

PREDICTION OF VOLUME(v) at & LENGTH(L) FROM TIP OF TREE IS :

2 3.2 4.3 5.4

_E7+l_ BT
__+B6(LABT+DH_Y)

_EQUATION CODES ARE TInn FOR INSIDE BARK function no nn

.....COLUMN NUMBER__DESCRIPTION

feedicsy I EQUATION CODE

o) Description

..32-39____B1 *100,000) Normally the first column of
4an.a7 R2 * 1NN NNM each nfthese will he hlank

Original content in newer software
(LibreOffice Writer in Windows Vista)

[NB: equation layout and meaning changed]



The Universal Virtual Computer (UVC)

Reconstruction

of digital
Digital file m>m ::g"daetr document
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LDS +
<> | omat

description

Future Platform




P Dioscuri - modular emulator for digital preservation

Emulator Edit Media Devices Configure Help

Dioscuri is the computer hardware emulator for digital
preservation and access. Its design maximizes durability and
flexibility. Because Dioscuri is written in Java it is possible to

run it on almost any computer platform now end in the future.

Due to its modular structure, each hardware component is
represented as a software module. By configu-ing all modules
the way you like it any virtual computer can be crecated!

Dioscuri takes its name from the Greek myth of the twins
Castor and Pollux: one of them is mortal while the
other becomes immortal. Symbolically this regresents the
idea behind emulation and long-term preservarion:
giving mortal digital objects their immortal equals.

Click emulator -> start to begin the experience!

™
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DIOSCURI

durable

flexible

transparent

Copyright® 2008




Dioscuri Modular Emulator Design

I POF document | ’ Database l lerary
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Keeping Emulation Environments
Portable (KEEP)

1 2 3

When a user requests an item The Emulation Framework
automatically selects and runs the A virtual screen shows the
best available emulator and digital item with original
SO

from a digital collection and

this item requires an old

computer environment  to configures the software ftware of that time.
dependencies required to render

the object (operating system,

render, the Emulation
Framework is used.
\applications, etc.).

Digital Emulation Emulator
collection Framework




#FILEFORMAT_ID FILEFORMAT_NAME APP_ID APP_NAME OS_ID OS_NAME PLATFORM_ID PLATFORM_NAME

1 FFT-1007 Extensible Markup Language APP-1000 FreeDOS Edit OPS-1000  FreeDOS HPF-1004 x86

2 FFT-1008 Plain text APP-1000 FreeDOS Edit OPS-1000  FreeDOS HPF-1004 x86

3 FFT-1009 JPEG File Interchange Format APP-1001 Blocek OPS-1000  FreeDOS HPF-1004 x86 .

4 FFT-1010 Windows Bitmap APP-1001 Blocek OPS-1000  FreeDOS HPF-1004 x86

5 FFT-1011 Graphics Interchange Format APP-1001 Blocek OPS-1000  FreeDOS HPF-1004 x86 I ew [ | a s
6 FFT-1012 Tagged Image File Format APP-1001 Blocek OPS-1000  FreeDOS HPF-1004 x86

7 FFT-1013 Portable Network Graphics APP-1001 Blocek OPS-1000  FreeDOS HPF-1004 x86

8 FFT-1009 JPEG File Interchange Format APP-1002 Xzgv OPS-1001  Damn Small Linux HPF-1004 x86 .

9 FFT-1010 Windows Bitmap APP-1002 Xzgv OPS-1001  Damn Small Linux HPF-1004 x86 c
10 FFT-1011 Graphics Interchange Format APP-1002 Xzgv OPS-1001  Damn Small Linux ~ HPF-1004 x86 u I

11 FFT-1012 Tagged Image File Format APP-1002 Xzgv OPS-1001  Damn Small Linux ~ HPF-1004 x86

12 FFT-1013 Portable Network Graphics APP-1002 Xzgv OPS-1001  Damn Small Linux ~ HPF-1004 x86

13 FFT-1006 Portable Document Format APP-1003 Xpdf OPS-1001  Damn Small Linux ~ HPF-1004 x86 . .
14 FFT-1030 PDF/A APP-1003 Xpdf OPS-1001  Damn Small Linux ~ HPF-1004 x86

15 FFT-1007 Extensible Markup Language APP-1004 Beaver OPS-1001  Damn Small Linux ~ HPF-1004 x86 a va I a e I n e
16 FFT-1008 Plain text APP-1004 Beaver OPS-1001  Damn Small Linux ~ HPF-1004 x86

17 FFT-1014 Hypertext Markup Language APP-1005 Firefox OPS-1001  Damn Small Linux ~ HPF-1004 x86

18 FFT-1016 Microsoft Word APP-1006 MS Office Viewer OPS-1001  Damn Small Linux ~ HPF-1004 x86

19 FFT-1025 ZIP Format APP-1014 Info-zip OPS-1001  Damn Small Linux ~ HPF-1004 x86

20 FFT-1022 XLS APP-1007 gnumeric OPS-1002  Puppy Linux HPF-1004 x86

21 FFT-1023 MPEG APP-1008 mPlayer OPS-1002  Puppy Linux HPF-1004 x86

22 FFT-1026 Audio/Video Interleaved Format APP-1008 mPlayer OPS-1002  Puppy Linux HPF-1004 x86

23 FFT-1009 JPEG File Interchange Format APP-1009 Viewnior OPS-1002  Puppy Linux HPF-1004 x86

24 FFT-1010 Windows Bitmap APP-1009 Viewnior OPS-1002  Puppy Linux HPF-1004 x86

25 FFT-1011 Graphics Interchange Format APP-1009 Viewnior OPS-1002  Puppy Linux HPF-1004 x86

26 FFT-1012 Tagged Image File Format APP-1009 Viewnior OPS-1002  Puppy Linux HPF-1004 x86

27 FFT-1013 Portable Network Graphics APP-1009 Viewnior OPS-1002  Puppy Linux HPF-1004 x86

28 FFT-1024 Scalable Vector Graphics APP-1013 Inklite OPS-1002  Puppy Linux HPF-1004 x86

29 FFT-1025 ZIP Format APP-1014 Info-zip OPS-1002  Puppy Linux HPF-1004 x86

30 FFT-1006 Portable Document Format APP-1015 ePDFView OPS-1002  Puppy Linux HPF-1004 x86

31 FFT-1030 PDF/A APP-1015 ePDFView OPS-1002  Puppy Linux HPF-1004 x86

32 FFT-1007 Extensible Markup Language APP-1000 FreeDOS Edit OPS-1003  FreeDOS HPF-1004 x86

33 FFT-1008 Plain text APP-1000 FreeDOS Edit OPS-1003  FreeDOS HPF-1004 x86

34 FFT-1009 JPEG File Interchange Format APP-1001 Blocek OPS-1003  FreeDOS HPF-1004 x86

35 FFT-1010 Windows Bitmap APP-1001 Blocek OPS-1003  FreeDOS HPF-1004 x86

36 FFT-1011 Graphics Interchange Format APP-1001 Blocek OPS-1003  FreeDOS HPF-1004 x86

37 FFT-1012 Tagged Image File Format APP-1001 Blocek OPS-1003  FreeDOS HPF-1004 x86

38 FFT-1013 Portable Network Graphics APP-1001 Blocek OPS-1003  FreeDOS HPF-1004 x86

39 FFT-1025 ZIP Format APP-1010 FreeDOS ZIP OPS-1003  FreeDOS HPF-1004 x86

40 FFT-1018 ARJ archive data APP-1011 Open-source ARJ OPS-1003  FreeDOS HPF-1004 x86

41 FFT-1019 LHarc 1.x/ARX archive data [Ih0] APP-1012 LHarc OPS-1003 __FreeDOS HPF-1004, X86




Keep limitations

Each environment had to be
configured and documented in each
installation

Few view-paths available out of the
box

Desktop-only software




bwFLA Emulation as
a Service (EaaS) nets



What is
Emulation-as-
a-Service?

Yale @


http://presemu02.library.yale.internal/admin

Simplifies access to T

various emulators

QeEmu

-
Micro Basilisk 11

SheepShaver




Enables

management of —— . | Environments
persistent, citable

emulation

3 clean
Settings

o
Apple Mac 0S 7.5
e nvl ro n m e n s [Configure environment] [Edit description] [export] [Delete]

4

= New environment

Apple Mac 0OS 9
[Configure environment] [Edit description] [export] [Delete]
na.

Atari 1040ST (68000 CPU)
[Configure environment] [Edit description] [export] [Delete]
na.




Derivatives enable
storage savings

“Base” Derivative x1 Derivative x1.1
Environment (e.g. Windows XP + SPSS 13) (e.g. Windows XP + SPSS 13 + SPSS code)
(e.g. Windows XP) 150MB 1MB
5GB
(Compressed)

Derivative x2 Derivative x3
(e.g. Windows XP + STATA 8.2) (e.g. Windows XP+ STATA 8.2 + STATA
250MB code)
imMB

Derivative x3
(e.g. Windows XP +R 2.0.0)
50MB







e Project Goal

| Deploy and scale infrastructure and
services for software emulation,
including distributed management,
sharing, documentation/discovery,
and access.

Yale @



AllResource Types > Q Enter a search term... nsean (- Yale University Library %

Emulation Project

Choose hardware and/or emulator settings, add imported or discovered resources, and run g

your emulation. Save a new resource from this project by using the RUN emulation interface. Clear Project
My
RESOURCES
) Base Environment
B ) Tips
ESN
RESOURCES Find a Base Start from Scratch

You will need at least a base
Find an existing base environment. Use a system template with no configured environment to run an emulation
operating system or software. project.

&B

& Search to see if an environment
EMULATION

PROJCT with your necessary software
Search/Browse Choose Template installed already exists in EaaSl.

node or network saved imported or bookmarked from your node’s system templates

%, Software Resources

@ Attach SOFTWARE Resource from...

NODE or NETWORK saved resaurces IMPORTED or BOOKMARKED resources

2 Content Resources

& Attach CONTENT Resource from...

Seschiprovse

node saved resources IMPORTED or BOOKMARKED resaurces

EaaS| - Updated Ul Wireframe Yale °



Distributed Mgmt

A network of distributed nodes, each
contributing to the EaaS! service and
the software development roadmap.

Yale @



Sharing

o In-network sharing of software images
and configured environments.

o Yale University Library is configuring
and sharing at least 3000
pre-configured software applications
running in configured environments.




Documentation/
Discovery

o Incorporating services developed by

Wikidata for Digital Preservation S .

Save as type: |Microsoft Excel Workbook v

o Comprehensive, open, e p
machine-readable documentation 329

o Defining profile for description of
software and computer environments




Documentation/

Discovery

Corel Presentations
11 “Open” file
operation formats:

Adobe Photoshop bitmap (*psd), AutoCAD (*dxf), CALS bitmap (*.cal),
CompuServe bitmap (*gif), Corel PHOTO-PAINT Image (*.cpt), Corel
Presentations (*shw, *wpg), Corel Presentations Master (*mst), CorelDRAW File
(*.cdr, *.pat), CorelDRAW Template (*cdt), Encapsulated Postscript (*eps),
Enhanced Windows Metafile (*emf), Freelance Graphics (*pre), GEM Paint
bitmap (*img), Harvard Graphics (*.prs, *ch3, *sh3, *sy3, *tp3), Hewlett-Packard
Graphics Language (*hpg, *plt), IPEG bitmap (*jpg, *jpeg), Kodak Photo CD
(*pcd), Lotus PIC (*pic), MS PowerPoint (*ppt), MacPaint bitmap (*mac),
Macintosh PICT (*pct), Micrografx Designer (*drw), PC Paintbrush bitmap
(*.pcx), Portable Network Graphics (*.png), Scalable Vector Graphics (*SVQ),
Scitex CT bitmap (*sct), TIFF bitmap (*tif), Truevision Targa bitmap (*tga),
Windows Metafile (*wmf), Windows bitmap (*lbmp), WordPerfect Document
(“wpd)

Yale @



Access

o Emulated CD-ROM environment
sharing service

o \Virtual Reading Rooms Service
o Scientific Software Portal

o APl to automatically render objects in
original software via emulation

Yale @



The Universal
Virtual Interactor

Access Sl

o Emulated CD-ROM environmen
sharing service

o Virtual Reading Rooms Servic
o Scientific Software Portal

o APl to automatically render objects in
original software via emulation

Yale @






Universal

it is intended to be able to be "universal" and (theoretically)
work with any files/digital objects.

Virtual

A homage to the Universal Virtual Computer (UVC) concept
developed by IBM and the Koninklijke Bibliotheek, KB

Interactor

Rendering and viewing are primarily passive activities but
digital object experiences are not passive, they're interactive
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UVI User H

L

@ upload file > @ —
_— <O

file handle Eaa$ Blob Store

UVI Overview — _1
R —— /> E

File

Upload file
UVI identification result identification

|dentify age and format family
Extract any useful metadata @FQ
Match tO env'ronments and —— UVI environment request > L'

rank “best match” or a hex
editor

UVI Ul / Workflow

Zﬁj

Environment

uvi rendenng session request identification

Autostart rendering object

UVI session

Be
..];.' -



Identification

|dentify software to render file ®
[1 Siegfried / Droid UV '
Use file creation/maodification date to ®

determine software version

Better tool support is required to match
software (and version)

Metadata, describing software capabilities




Documentation/

Discovery

Corel Presentations
11 “Open” file
operation formats:

Adobe Photoshop bitmap (*psd), AutoCAD (*dxf), CALS bitmap (*.cal),
CompuServe bitmap (*gif), Corel PHOTO-PAINT Image (*.cpt), Corel
Presentations (*shw, *wpg), Corel Presentations Master (*mst), CorelDRAW File
(*.cdr, *.pat), CorelDRAW Template (*cdt), Encapsulated Postscript (*eps),
Enhanced Windows Metafile (*emf), Freelance Graphics (*pre), GEM Paint
bitmap (*img), Harvard Graphics (*.prs, *ch3, *sh3, *sy3, *tp3), Hewlett-Packard
Graphics Language (*hpg, *plt), IPEG bitmap (*jpg, *jpeg), Kodak Photo CD
(*pcd), Lotus PIC (*pic), MS PowerPoint (*ppt), MacPaint bitmap (*mac),
Macintosh PICT (*pct), Micrografx Designer (*drw), PC Paintbrush bitmap
(*.pcx), Portable Network Graphics (*.png), Scalable Vector Graphics (*SVQ),
Scitex CT bitmap (*sct), TIFF bitmap (*tif), Truevision Targa bitmap (*tga),
Windows Metafile (*wmf), Windows bitmap (*lbmp), WordPerfect Document

(fwpd)
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133 - f || postscript Outline Files(.PF8;.PSs) B
Postscript Font Metrics Files(.PFM;. MMM)
A | ) K L M N o 2 c[-
Default ~ Default
Save  SaveFile
1 Default Software Name Location Open File Format(s) Location Format  Other FileAvailable Comments Conf
ActiveShare: Bitmap (bmp). GIF (*gi), JPEG (*jpg). PhotoDeluxe (*.pdd), Photoshop (*.psd), Portable Network Graphic (*.png), TIFF (*.tf)
PhotoDeluxe: PhotoDeluxe (*.PDD, * PBD). Photoshop (* PSD), BMP (* BMP, * RLE), CompuSenve GIF (*.GIF), EPS (*EPS), Generic EPS (* Al, * Al"), EPS TIFF Preview (* EPS), FlashPix (* FPX), JPEG
(*.JPG, *.JPE), Kodak Photo CD (*.PCD), PCX (*.PCX), PICT File (*.PCT, *.PIC), PNG (*PNG), Targa ("TGA, “.VDA, *ICB, *.VST), TIFF (*TIF), Windows Metafile (*WMF)
Reader: Adobe PDF (*.pdf)
Streamline: Photoshop 3.0 (*.PSD), TIFF (*TIF), PCX (*PCX), MacPaint (*PNT)
GoLive: Stylesheet Document (*.css), HTML Document (* htm, *htm, * shtml, * action), Text Document (*.txt), Javascript Document (*js), Site Document (*site)
Hlustrator: Adobe PDF (*.pdf), DXF (*.dxf). Enhanced Meta-File (*.emf), FreeHand 3.x (*h3), FreeHand 4.0/5.x ("4, *s), FreeHand 7.0 (*7), FreeHand 8.0 (*8), GIF89a (*.gi), lustrator (*.ai),
liustrator EPS (*.eps), JPEG (* jpg). Parsed EPS, Photoshop 5 (* psd), TIFF (*.if
PageMaker: (*.pmd)
FrameMaker: Document (*m), MIF (*.mif), Book (*.book)
Premiere: Premiere Project (*.ppi), Batch List (*pbi), EDL (* edl), Premiere Library (* plb), Premiere Sequence (*.psq). Text, (*.txt). AutoDesk Animation (* fic, *fi), AVI Movie (* avi), FilmStip (*im), MPEG
(*.mpeg, *.mpe, *.mpg), Al File (*.ai, *.eps), Bitmap *bmp, *.dib, * re), EPS File (*.eps, *.ai), PCX (*.pex), Photoshop (*.psd), Premiere Title ("pt), Targa ("tga, *.icb, *vst, *vda), TIFF (“{il), Windows ~ ActiveShar
Metafile (*wm), Audio Interchange (*aif), Windows Waveform (*.wav) e
C:Window
ImageStyler: ImageStyler Files (*.st) s\Desktop
Photoshop: Photoshop (*.PSD, *.PDD), CompuServe GIF (*.GIF), Phtosohop EPS (*.eps). Photoshop DCS 1.0 (*.eps), Photoshop DCS 2.0 (*.eps), Generic EPS (*.eps, *Al"), EPS TIFF Preview (“EPS),  Save ve
JPEG (*.JPG, *.JPE), Photoshop PDF (* pdf), PICT File (*PCT, *PIC), PNG (*.png), Raw (*.RAW), Scitex CT (*.SCT), TIFF (*TIF, * TIFF) disabled  disabled
for most for most
After Effects: Adobe AFter Effects Project (*.aep) programs  programs
Windows 98 Second Exdition (SE) Base + Adobe Dynamic Media & Web (sl (tial
28 |Solutions Reader: C:\Program F 4 Dimensions: Adobe Dimensions 1.0, 2.0, 3.0 (* dim) versions)  versions) ~ ActiveShare: GIF (*gif), Bitmap ("1 Software p: 6
lustrator: Adobe PDF (* PDF), Amiga IFF (*IFF), AutoCAD Draviing (* DWG), AutCAD Interchange File (* DXF), BMP (* BMP, * RLE), Computer Graphics Metafile (* CGM), CorelDRAW 5,6,7.8 (*.CDR),
Encapsulated PostScript (*.EPS, * EPSF), Enhanced Metafile (* EMF), Filmstrip (* FLM), FreeHand 4,6,7,8 (*.FH4, *.FH5, * FH7, *FH8), GIF89a (*.GIF), llustrator ("Al), llustrator EPS (*EPS, *EPSF,  C:My llustrator
*PS), JPEG (*JPG), Kodak PhotoCD (*.PCD), Macintosh PICT (* PIC. *PICT), Microsoft RTF (*RTF), Microsoft Word (* DOC), PCX (*.PCX), Photoshop & (*PSD), Pixar (*PXR), PNG (“PNG), Targa  Document liustrator
29 |Windows 98 Second Exition (SE) + Adobe llustrator 9.0 C:\Program File\Adobe\llustrator 9.0\lustrator.exe (*TGA, *VDA, *ICB, *.VST), Text (*.TXT), TIFF ("TIF), Windows Metafile (* WMF) s (A)  llustrator: Adobe PDF (*PDF), llustrator EPS 5/31/
nstalled
in identical
environme
accidentall
y
“Upgrade
version,
refuses to
run without
a serial
number for
My Adobe a
Document llustrator qualifying
30 | Windows XP Professional 2002 SP3 32 Bit + Adobe lustrator CS3 C:\Program F ustrator C: Files\C: exe s (A)  Adobe PDF ( PDF)ilustrator EPS (product 4
CaProgra
m
Files\Adob Photoshop.
eVmageRe Document
31| Windows 95 C (OSR 25) - Base V2 + Adobe ImageReady C:\Program Files\Adobe\imageReady 1.0UmageReady.exe  Photoshop (*psd, * pdd): Compusene GIF (*.gif; JPEG (* jpg): PNG (*.png); FlashPix (* fpx); TIFF (*tf); Tanga (*.ga, *vda, *.icb, *st); Pixar (*.pxr); Generic PDF (*.pdf); PCX (*.pex) ady10  (psd)  None 514
PhotoDelu
Defauts to xe 2.0
ESP (*EPS); Generic EPS (*Al); EPS TIFF Preview (*.EPS); Filmstrip (*FLM); FlashPix (" FPX); JPEG (*.JPG); Kodak Photo CD (*.PCD); MacPaint (*MPT, *.MAC); PCX (*.PCX); PICT File (*PCT, * PIC}; location of (*PDD,
32 Windows 95 C (OSR 2.5) + Adobe PhotoDeluxe C:\Program Files\PhotoDeluxe 2.0\PhotoDeluxe 2.0.exe  PNG (*PNG); Targa (* TGA, *.VDA, *CB, *.VST); TIFF (*TIF); Windows Metafile (" WMF) original file *PBD)  PhotoDeluxe 1.0 (*PDD, *PBD) Noinstalln 6
T I b
Sheet! ® il y
Woipiysetings | B -+




More data
enables more
accurate -
matching




Object Preparation

Choose appropriate media type based on
Environment and OS metadata
Supported media types
Supported filesystems
Read-only rendering or writeable

=

Inject File




Auto-opening after
system boot

Scale
Automate rendering as much as
possible
Keep environments generic
(unmodified)
Multipurpose environments
Reduce maintenance

1 automation included with user object

UV §




Future
developments

Improve automation

Automate and document SW-related tasks
Preserve usage knowledge
Automate common tasks

Work with complex (multi - FFMT data sets)
Complex SW setups (RDM)
Processing Pipelines

UV §




Our Team

(o]

Euan Cochrane Principal Investigator
Seth Anderson Program Manager
Ethan Gates Software Preservation Analyst

Klaus Rechert & Oleg Stobbe (OpenSLX) Technical
Architecture and Development

PortalMedia UX/Ul Development

Jessica Meyerson (Educopia/SPN)
Communications/Outreach

Kat Thornton (Data Current/WikiDP) Semantic Architect




Fair use applies to institutions
making software available on a
cooperative basis to broaden
research opportunities,
including off-premises access
using technology such as

Emulation as a Service...

— ARL Code of Best Practices in Fair Use for
Software Preservation
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