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Emulation: Bridging the Past to the Future
without Altering the Object
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University of Freiburg — Department of Computer Science
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 Digital objects require software /
hardware environments to be

accessed

 Environments change over the
time and obsolete most of digital

material
« Mainline strategy: Migration

— Risky to rely on it exclusivly
— Not suitable for all object types
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O(¢ ) werreserve  Dynamic Digital Objects
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* No real option:

— Printing of source,
adaption to recent
environments; even if
source code available

— Video-recording,

screenshots of game
or application session
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Different Approach

Emulation — no changes on the object, but recreation of original

environment
— Emulators around for quite a while, supplemented by virtualization

— Can operate on different layers of software / hardware stack
— Number of objects to cover differs significantly; thus hardware layer

seems very attractive to focus on
Help to bridge widening gap of the computers past to the future

=everal Thousand applications / data formats

Some hundred operating systemes

"Rather few" different
hardware architectures
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O(Y)werreserve Emulation Layers

« Different options (text doc, game examples)
— MS Word document in OpenOffice Application
— Running MS Word 97 in Wine on Linux X86

— Emulation of X86 machine to run complete
Windows 98 environment with MS Word installed | Operating System

« Depends on the type of object

— Proprietary formats may prevent proper
interpretation Hardware

— OS, application APIs often obfuscated (MS)

Upen Office, ...

Wine, ReactOsS, ...

QEMU, Dioscuri, ...
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@(Y wePreserve Emulator Examples

Emulator | Edit Media Configure Help
Start process (power on)

» Dioscuri X86 emulator recreating an DIOSCURI

Quit

(: DosturT s wre corpueer hardware emulator for digital

2 8 6 3 8 6 P Of th e ea rI 1 9 9 Oth preservation and access. Its design maximizes durability and

H flexibility. Because Dioscuri is written in Java it is possible to
run it on almost any computer platform now and in the future.

— J ava p rog ra m m i n g I a n g u ag e , m Od u I a r Due to its modular structure, each hardware component is

represented as a software madule. By configuring all modules

durable

the way you like it any virtual computer can be created!

approach — components like disk, flexible

Castor and Pollux: one of them is mortal while the
fl VGA C P U RAM t t th other becomes immortal. Symbclically this represents the
O p py, y y p u Og e e r idea behind emulation and long-term preservation:
giving maortal digital objects their immortal equals. transparent

to fo rm th e m aCh i n e Click emulator -> start to begin the experience!

Dioscuriis developed by the lMational Library of the Netherlands and the Mationaal Archief of the Netherlands right @ 2007,

— Running DOS and Windows 3.0 B[aia

m OEMOTKVH) (53]

— Step by Step extenS|On to 486++ P lexBb/Bochs UGABios current-cus 07 Jan 2008

his UGA-VUBE Bios is released under the GNU LGPL

Please visit :

* QEMU - using popular C program- il st e
mlng Ianguage mUItI arChItecture irrus-compatible UGh is detected

JEMU BIDS - build: 07,09,08

emulator for X86 , PPC , S parc, ... AR SR S o bo e

tal master: QEMU DUD-ROM ATAPI-4 CD-Rom/DUD-Rom

- La rg e u Ser CO m m u n Ity EEti?guzrﬂ:r:R;gsgi?ziiéd: could not read the boot disk

[Booting from Floppy...

. [Boot from Floppy failed: could wot read the boot disk
—_— ACtIVer developed Booting from CD-Rom. ..

DROM boot failure code : 0003
[Boot from CD-Rom failed: could wot read the boot disk
[FATAL: No bootable device.

« Both Open Source — no vendor depen-
dencies, adaptable

&
digital preservation europe . qv
@
<L
(%

t} @ planets




Independently of migration or emulation — digital object is to be

handled somehow
— (Re)creation of a certain hardware software environment for access /

execution

(_- Preservation Planning )

Data Manage ment )

DOy

Standard workplace environments for migrated objects, but

DOy

Ingest
| ¢ . Archival Aﬂcess
Starage

Administration

Preservation Planning
Data Manage ment

Ingest
. Archival .
Storage

Administration

DOy

Do,
Migration takes place “

'within' the archive and is
applied to all objects of a certain type

Emulation is used for creation of environments of
objects outside of archive (view path) Dou

5

o

ohject
viewer

emulator reguired

operating
by O3

system
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Qwepreserve Requirements

« Emulation not working just on its own — additional
software is required

« Emulation approach requires recreation of ancient
hardware / software environments for access / execution

— E.g. spreadsheet document requires the proper spreadsheet
application for interpretation and displaying

— Spreadsheet software is dependent on an operation system

— QOperating system was programmed for a very specific or a
range of hardware architectures

— Additional components like fonts might be needed for range
of documents, especially for non-latin typesets

« Object transport into viewing / execution environment to
be taken care of

digital
obijekt

~ KAl

object
viewer

e
=

operating
system

v

computer
architecture
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View Path

* View Path — pathway from object to specific environment

« Reference environment — specifically defined software hardware
combination for object access, rendering

 Formalization needed — view path as the requirements to be followed
to actually access, display the object of interest

* Introduced with Preservation Layer Model (PLM) of IBM/DIAS project
« Concept extended in the ongoing project

— More flexible layout

— Introduction of metrics for multiple view path

— Match to users, organizational needs — significant properties

=

Digital okjekt
of some type

BWE

1

Yiewer or editor
for that type of DO

=

O

Operating system

reguired by viewer

o

T

o

i il

’

— —

Emulator for that
har chware plattform

Hardware plattform
reguired by O

Reference env.
to host the emu
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Qwepreserve View Path Characteristics

« Variable length; depending on
— Type of object and platform (image, document, application ...)
— Emulator preservation strategy — getting longer with emulation

] [ O i O ‘
documents, digital object appropriate emulation of the appropriate emulataor for the
pictures video, viewer operating system req. architecture operating system hardware req. by
audio, ... stacked emulation the 08
executeable appropriate
applications operating system

-4
application emulator for the
for home computer  hardware req. by
(e.g. game) the OS
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Qwepres erve View Path Metrics

« Often more than one view path ‘;‘"‘gfjﬂc\
exists _

— Depending on object more than G & @
O 0 (|10

one renderer available
— Rendering / execution results

may differ (significantly) Mirosot Microsof SRS
— Less and more simple,
expensive view path @G GG &
* Introduce metrics for decision Ej El Lcj EJ
making in preservatiOn planning Windows 3.1 Windows 95 Windows XP Linwuz ELF
Processes Kernel 2.6

depending on their research

« Offer users options to choose G G GGG
|

interest, preferences — L B
Ger;eric ¥ae Ger;eric bt PPC
e.g. i486 e.g. o866 architecture

igital preservation Europe Qq. ‘
BE P oGhwes (@




Qwepres erve Significant Properties

View paths not fixed for other dimensions too
Significant properties highly debated term in digital preservation

— Determine options how to preserve objects
— Evaluate and compare preservation strategies and outcomes

Metrics could be related to significant properties
— Definitely depended on the designated user communities

— Archivists, librarians, computer museum curators or retro gamers
may not share same vision of significant properties of objects

— E.g. ask for a definition of the term “authenticity” to get a wide range

of good answers
Use metrics to include users experience, feedback to improve

results for similar objects (comparable to recommender systems)

BWE




.w ePreserve Software Archive

 Each step in view path
might add software, tools
requirements

— Applications
— QOperating systems
— Helper tools like packer

— Hardware drivers for
VGA, audio, network

 Format and tools
registries needed

— PRONOM for file type
detection and application

selection reference g
environment
— Open, regularly updated, , o

broad user communities

0S components
fonts

codecs (audio, video)
TCPIIP stack for
DOSs, WFW, Winds
Directx,

operating systems
MS/IBMDRIFree DOS
Windows 3.0 ... Vista
BSD and derivates

Linux distributions ...
Solaris ...
0S/2, BeDS )

hardware drivers
drivers for virtual
network adaptors
audio,

graphics (VGA)
SCSl

emulators and
virtualisation tools
Viware (PlayeriWs)
VirtualBox
Virtual PC, Server
Bochs, GEMU
Dioscuri

] archive

applikationen for rende-
ring, execution of digital
objects

image viewers, IDEs
office programs
audio, vdeo player, DBs
games

helper tools within the
host emvironment
de/lcompressors

iso-, disk, floppy
image creators
converters for containers
campiler ...

digital preservation Curope '
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Qwepreserve Additional Components

 Additional information and
metadata needed in
software archive

— Application handbooks

- HﬁthS and_ctjrouble DRUCKE RETURN, UM MIT DEM
shooting guides U NG KOPIERSCHUTZ ZU BEGINNEN

— Application update
packages

— License keys, access
codes

* Depending on object
— Fonts for documents
— Codecs for video, audio

— Software extensions like
DirectX, OpenGL libraries

BWE




Qwepreserve Data Exchange

« After object digest out of archive or digita |
user data of other sources objekt
— Transport into emulation

environment
— After or during enviroment setup

shared
folders

« Means of object transport ;T:fi}
— Virtual optical (ISO) or floppy disks emul
as images
— Disk container files
— Network connections like FTP, hard disk  floppy  CDDVD
SMB/CIFS - :
ariginal & | environ.
— “Shared Folders” (as e.g. found in ;
VMware or VirtualBox) - ’ )
— Copy&Paste (e.g. text areas in \ o 2l J
Dioscuri)
digital preservati p q?g. ‘
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.wePreserve

« Data transport requires fromats
understood by the target
environment, e.g.

— Floppy disks, ubiquious in for
many platforms for a rather long
period

— Images easy to create and store

— Optical disks: ISO images well
understood by many emus

« More complex

— Container files of the several
emulators

— Creator tools required

— Adding objects to disk container
files before emulators started

BWE

Transport Containers

virtual

hlock
device

filesystem
cirectory 1

ﬁ cirectory 2

B

. files

p filesystem filesystem
a directory 1
-
t DDD files
t . .
a partition 1 partition 2
la directory 2
I
[ D .. files I
hlock nrierrtate:;l_,nun volatile
storage (harddisk, floppy
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.wepres erve Reference Environment

« Emulation might require quite some steps until object is actually
accessible
— Average archive user is often not trained computer professional
— Lots of problems to setup emulation environment on average machines

— Many software components needed are proprietary

« Workstations with defined environment e.g. in library reading rooms
» Offer pre-created environments over the network

—

L —d
i - .

digital
archiv




.we rreserve \Web Access for Emulation

 Global remote access to
emulation (services)

Access to different
emulation enviroments like
Dioscuri, MESS, QEMU, ...
for Windows 3.11, Windows
98, C64, Atari, ...

Up- and download of objects
over the net

PRONOM detection of
object type and view path
suggestion

Starting the appropriate
emulator and software
environment for object
access

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe
- @ :;: http: ffremote. emulation.test/~randy/Oindex. php -| B |G-
['| GRATE - Remote Access to E [} GRATE (5]
Desktop

Conne

©) GRATE - Mozilla Firefox <)

GRATE - Global Remote Access To ulation-Services

About

ROM Authors

select 0S [ game

|windows 98 - Document viewer [~

Advanced ROM Info

Operating Sy stem

Image with pre-installed wordprocessing software

readme_first =>> ex

amine a local file <<<

ction established with Applet Guard? - received: PING54820486 (C) 2007 Randolph Welte
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Client Server application for
remote operation
— Client side: Java application

executable in average
browsers with JRE 1.5

— Server side: Standard Linux
environment to host the
several emulators

— Open Source

— Extensible to more
emulators, environments

— Please have a look at our
poster explaining the tool a
little bit more!

2

Extract digital object
fromthe emulated
environment

A

DAIS

Archived ,caches”™

Cache X
-Emulator OU
-0550
-Application X¥

Cache ¥
-Emulator
-Betriebssystem
-Application C
-Application D

Cache
-Emulator

-05
-Application ..
-Application

digital preservation eu rope

GRATE

Client
Download of the
(modified) digital
object

Uptoad of an
unigentified ?
digital Object

Identify file fcrrmul-: :
DROID f PRONOM

suggestion:

= e

Which cache fits?

I Application XY I
¥

I OsSD I
2

l Hardware OU I

Exportthe
emulated

environment
(VINC)

Execute the
emulated
environment

Make digital object
available to the
emulated environment




.wepres Br vie Archive Management

« Additonal archival objects required for view path handling and
required software environments

« Storage of view path caches for fast access in GRATE or
specifically defined reference workstations

* View path aggregation of often used environments

 With this information — define and use metrics to calculate archive
management costs

— Differentiate view path options
— (et cost structures to preserve certain object types
— Evaluate shared, distributed archive approaches to local ones
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« Emulation requires
certain archive
management activities

on

Emulation in OAIS

] | > ( Preserwvation Planning :l'

Data Management )

Ingest
— Ingest * Object type detection & '”995* M _— MCESE
chiva
. view path verification St K
Operatlon * Define required secondary

_ D|gest ohjects and add them if
naot stored in archive

Administration

 Emulation mlg ht * Generate, complete meta
req uire OAIS data of the ohject(s) ﬁ
s Management

extension

Suggestions from the
list of archival tasks
explained

* Check view paths on a regular base, especially if
reference environments changecd

* Add emulators if required and migrate existing ones if
needed, dizcard ohsoleted

L]
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Digest

* Request desired
object

* Offer a view path
tothe user

* Setup reference
environmernt if

reguired
&
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wepPreserve  Thank you! Questions!?

<4 Randolph Welte O www.planets-project.eu
" rwelte@uni-freiburg.de O www.ks.uni-

Q Dirk von Suchodoletz freiburg.de/projekte/fla
" dsuchod@uni-freiburg.de

) GRATE - Mozilla Firefox <)

Fle Edt View History Bookmarks Tools Help Fle Edt View Hstory Bookmarks Tools Help
- - - @& ] hitp: Hgrate-test-serverNCnd phpl - 3 - - @ {5 [ o132 230 5475k randyANiCindex-vne Aempd8sat pho <[ >
(| GRATE - Remate Access to Emulation-. [} GRATE [} GRATE [=] - [f GRATE - Remote Access to Emulation- [} GRATE [} GRATE a -

590768 largest exccutable program size
C:N>dir

Uolume in drive C is MSDOSS
Volume Serial Number is 2507-13CB
Directory of C:n

47845 11-11-91

53 05-05-95

5 48 05-05-95

<DIR> 05-05-95

T 49 05-05-95

<DIR> 08-31-07

<DIR> 03-03-08

<DIR> 07-14-08

8 file(s) 47995 bytes

4837376 bytes free

[D1ABSTR.SAM]
€7 File Edit Yiew Test Stle
P

IC:\>ver
MS-D0S Version 5.00 POWERFUL LEARNING EXPERIENCES IN
MANAGEMENT LEARNING AND DEVELOPMENT

A study of the experiences of managers attending residential development trai

courses at the Brathay Hall Trust (1988-9)

by Roger Greenaway, B.A (Hons), P.G.CE.{Distinction)

T T v #sat|| 2 @  ||[E2AmiPro - [01ABSTR.... ~
Connection established with VNCGuard! received: PING32531731 (C) 2007 Randolph Welte D Connection established with VNCGuard! received: PINGB5862827 (C) 2007 Randolph Welte P
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