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Context ςNAM-IP Computer Museum

ÅLocated in Namur/Belgium -олΩ ŦǊƻƳ .ǊǳǎǎŜƭǎ
(worth a visit next FOSDEM when we are back at ULB !)

ÅMissions:

ÅPreservation: safeguarding digital heritage, focus on local pioneers

ÅAcquisition of artefacts, enriching collections

ÅExhibition: for all, specific animation, permanent/temporary

ÅResearch: about machines, software, communities

Åά/ƻƴǘŀƛƴŜǊ ŘŜǎƛƎƴέΣ ŀƴ ƘƛǎǘƻǊƛŎŀƭ ǇŀǊŀƭƭŜƭ 

www.nam-ip.be

http://www.nam-ip.be/


Preservation Constraints
ÅMachine in preservation mode
ÅDifficult to be powered up

e.g. inDATADAI rare Belgian computer [1978] (= our use case)
ÅHow to keep machine expertise ?
ÅHow to transfer programs ?
ÅHow to show running software experience about that machine ?

Čbenefit of using an emulator, e.g.

ÅSome questions triggered:
ÅWhere to look for emulators 

(MAME/MESS, specific development, javascriptports...) ? 
ÅWhat are interesting usage scenarios ?
ÅHow to select one for some usage context ? 
ÅAs emulators are themselves part of history:   How to make sure/contribute to the 

sustainability of those nice piece of software on the long run ?

Č Move from physical to digital preservation



Disclaimer / Focus
Not claiming to be expert, still discovering that area

Sharing some thoughts about:
ÅPast : digital legacy ςwhat do we want to preserve ?
ÅPresent : what are the current strategies, what we can use ?
ÅFuture :  how to make sure we keep that heritage for next generations ?

Focus on emulators for retro-computing

Not looking at legal issues

Certainly partial /biaisedview Č feedback welcome



Outlook

ÅA step backward: digital preservation techniques
ÅWhat is interesting for retro-computing ?

ÅA wider look at emulators
ÅA little analysis based on a timeline

ÅUse case and preservation tool chain

ÅLong term preservation strategies for emulators themselves

ÅOpen Discussion



Digital Preservation
άƳŀƛƴǘŀƛƴ ŘƛƎƛǘŀƭ ƻōƧŜŎǘǎ ŀŎŎŜǎǎƛōƭŜ ŀƴŘ ǳǎŀōƭŜ 
ƛƴ ŀƴ ŀǳǘƘŜƴǘƛŎ ƳŀƴƴŜǊ ŦƻǊ ŀ ƭƻƴƎ ǘŜǊƳ ƛƴǘƻ ǘƘŜ ŦǳǘǳǊŜέ

ÅDigital object: large scope
Åtexts documents, emails, images, movies, music, spreadsheets
Åprograms, games
Åentire web domains, social mediaé

ÅUsable: 
ÅReading document, running code

ÅPhysical and logical threats: media not corrupted, format still supported
ÅAs usable, more usable ? 
ŜΦƎΦ ōŜǘǘŜǊ ǎƻǳƴŘκǎŎǊŜŜƴ ǊŜǎƻƭǳǘƛƻƴ ƴƻǿΣ ŀŎŎŜǎǎ ǘƛƳŜΧ όƴƻ ǘŀǇŜ ƭƻŀŘƛƴƎ ǇƭŜŀǎŜ Τ-)

ÅAuthentic
ÅSame content for sure: semantic preservation
Å{ŀƳŜ ŜȄǇŜǊƛŜƴŎŜ ŀǎ ƛƴ ǘƘŜ Ǉŀǎǘ Κ  όάǊŜǘǊƻέ ŘƛƳŜƴǎƛƻƴύ

Č often data dimension

Čmore our focus

Č data link dimension



Some Digital Preservation Strategies
Č do they work for retro-computing ?

Method Idea Example Problem

Standardisation Standard are there for a long 
time

Running on any IBM PC compatible Few standard in retro time
Iƻǿ ƭƻƴƎ ƛǎ άŀ ƭƻƴƎ ǘƛƳŜέ

Total preservation Keep everything in state Recap computer, change drive belt, 
ǊŜŦǊŜǎƘ ŦƭƻǇǇȅ ŘƛǎƪǎΧ

Costs/expertise for old HW, old media
Restricted usage

Encapsulation Container with useful meta-
data, (links to) software

Format information to decode image
Instructions how to run a program

Documentation, access
Not solving anything

Extraction Mining useful stuff Text without images, decompilation Partial, fallback in degraded mode

Migration/media Transfer to more 
stable/accessible media

From tape/floppy to HD/SSD/Cloud
(wav/binary files)

Lost media specificities (or use disk image)
Lifespan of new media ?

Migration/backward 
compatibility
(interoperability)

Can read/run previous 
version on current 
applications

Open doc/check/save
Run win32 application on win64

Only document can be saved in new format
Possible loss, progressive degradation
Limited in time

Emulation Keep digital resource in 
original (logical) form
but emulate hardware

MAME for games
MESS for old micro-computer
DosBOXfor DOS programs

Need to write/maintain emu. Č see later
How to access data Č see migration
How perfect is the emulation

(Universal) 
Virtual Machine

Ensure independence wrt
host platform using simple 
to implement VM

Historical UVM concept
Java ? Č Javascripttarget

UVC targeting document not programs
(see later in presentation)



Emulation ςBackground / Reminders

ÅDefinition: HW or SW that enables one computer system (called the 
host) to behave like another computer system (called the guest).

YƛƴŘ ƻŦ ά5ƛƎƛǘŀƭ ¢ǿƛƴέ ƻŦ ǘƘŜ ŎƻƳǇǳǘŜǊ ǎȅǎǘŜƳ

ÅTechnical goal: enables the host system to run unchangedsoftware or 
use peripheral devices designed for the guest system
ґ ǾƛǊǘǳŀƭƛȊŀǘƛƻƴ Υ /t¦ ƛǎ ŜƳǳƭŀǘŜŘ όŘƛŦŦŜǊŜƴǘ ƛƴǎǘǊǳŎǘƛƻƴ ǎŜǘύ

ÅUsage scenarios/goals: have a look at a timeline to discover them !
Åάtŀǎǘέ

ÅάtǊŜǎŜƴǘέ

ÅάCǳǘǳǊŜέ



Emulator Timeline (main milestones)

2012 
emscripten
project

2007 
QEMU (OSS)

VirtualBox

2015 
MAME
MESS
merged

1997 
start of 
MAME

PSemu
(early)

1998 
start of 
MESS

2002 
DOSBOX1990/91

First console 
emulators 
(e.g. NES)

1962
Emulation
Theory
[IBM]
Larry Moss
άCŀǘƘŜǊέ ƻŦ 
emulation

1965
IBM 360 
emulator for 
άƻƭŘέ тлтл

1982
80286 with 8086 
real mode 
(FW emulator)
Baby blue 
CPMemulator

1985
Amiga SW 
Transformer
to IBM-PC
1986
PCDittofor Atari ST 

1989
FPU
emulators

1995
Virtual 
Game Boy
First OSS
emulator

1996 
EMU
First arcade
Videogame
emulator

2013-2014 
Internet 
Archive using 
JMESS/DOSBox 
in web browser

1975
ALTAIR BASIC
8008 
emulated 
PDP-10

2006 
Mac Rosetta
PPCČIntel

2021 
Mac 
Rosetta II
Intel Č ARM



Emulation - Background / Reminders

ÅDefinition: HW or SW that enables one computer system (called the host) 
to behave like another computer system (called the guest).

ÅTechnical goal: enables the host system to run software or use peripheral 
devices designed for the guest system

ÅUsage scenarios goals: see next timeline to discover them !
ÅPast: digital preservation, retro-computing, retro-gaming  - e.g. MAME

ÅPastČpresent: backward compatibility against tech. change- e.g. Apple migrations

ÅPresent: compatibility with market (de facto) standards - e.g. PC emulators

ÅPresent:cost reduction (with performance trade-off) - e.g. FPU emulator

ÅFuture: develop new system before HW is available - e.g. ALTAIR BASIC !



Retro-computing Use Cases

ÅRetro-gaming

ÅUsing specific software 
ÅE.g. non wysiwigtext processor used by some writers

like Wordstarby  Robert J. Sawyer (SF writer) 
and R.R. Martin (Game of Thrones)

ÅAccessing old files

ÅFor computer history
ÅStudy of past computer systems, recovery
ÅInteractive experience look and feel/UI for public 

(Video is passive)



Emulator Selection Criteria ?

ČCan use multiple actually, using shared media

Č.ǳǘ ƴƻǘ ǘƻƻ ƳŀƴȅΧ ŜƴŎŀǇǎǳƭŀǘƛƻƴ ƛǎ ǇƻƻǊΣ ƴŜŜŘ ǘƻ ƪŜŜǇ ǘǊŀŎƪ ƻŦ ǎǇŜŎƛŦƛŎ ƛƴŦƻΧ

Č one multisystem       [unified management] 
+ one more specific    [if useful as complement]

Criteria The bad The good Hints

Ease of installation 
configuration

Need to compile, find ROM, 
ŎƻƴŦƛƎǳǊŜ ƪŜȅōƻŀǊŘΣ Χ

Platform bundles/pre-configured
Running in browser [e.g. Internet Archive]

Multi-system more difficult
Easy All-in-one distribution on RPI 

Ease of use Raw emulator, poor media 
management

Power utilities integrated (media mgt, 
ǎƴŀǇǎƘƻǘǎΣ ŘŜōǳƎƎŜǊΧύ
Nice front-end

Machine/constructor specific can 
bundle utilities
Providing libretro API

Accuracy Many component abstraction Circuit/Cycle exact 
(but higher CPU)

Check forum, game compatibility

Long term support Recent project, closed or small 
community,  exotic technology

Long history, large community
VM approach

Check repository activities OpenHub 
statistics

Χ



Compare for Amstrad CPC ςMAME vs JavaCPC
Generic emulator

bŜŜŘ ǘƻ ƛƴǎǘŀƭƭ wha{Σ ŎƻƴŦƛƎǳǊŜ ƪŜȅōƻŀǊŘǎΧ

Accuracy ?

Open Source Metrics (OpenHub) - In a Nutshell, MAME...

... has had 77,136 commitsmade by 498 contributors
representing 10,529,234 lines of code

... is mostly written in C++  Č compile approach
with an average number of source code comments 

... has a well established, mature codebase 
maintained by a very large development team 
with stable Y-O-Y commits 

... took an estimated 3,239 years of effort(COCOMO model) 
starting with its first commit in December, 2007
ending with its most recent commit about 1 monthago 

More specific (based on JEMU but only limited targets)

[ƻǘ ƻŦ ŦŜŀǘǳǊŜǎΣ ŜǾŜǊȅǘƘƛƴƎ ǇǊŜŎƻƴŦƛƎǳǊŜŘΣ ŎƻǇȅκǇŀǎǘŜΣ ǇǊƛƴǘŜǊΧ

Accuracy ?

In a Nutshell, JavaCPC- Amstrad CPC emulator in JAVA...

... has had 30 commitsmade by 3 contributors
representing 38,957 lines of code

... is mostly written in Java Č VM approach
with a low number of source code comments 

... has a codebase with a very short history 
maintained by nobody 
with stable Y-O-Y commits 

... took an estimated 10 years of effort(COCOMO model) 
starting with its first commit in December, 2008
ending with its most recent commit over 11 yearsago 

DSK exchange

https://www.openhub.net/p/mame/commits/summary
https://www.openhub.net/p/mame/contributors/summary
https://www.openhub.net/p/mame/analyses/latest/languages_summary
https://www.openhub.net/p/mame/factoids#FactoidCommentsAverage
https://www.openhub.net/p/mame/factoids#FactoidAgeVeryOld
https://www.openhub.net/p/mame/factoids#FactoidTeamSizeVeryLarge
https://www.openhub.net/p/mame/factoids#FactoidActivityStable
https://www.openhub.net/p/mame/estimated_cost
https://www.openhub.net/p/mame/commits?sort=oldest
https://www.openhub.net/p/mame/commits
https://www.openhub.net/p/javacpc/commits/summary
https://www.openhub.net/p/javacpc/contributors/summary
https://www.openhub.net/p/javacpc/analyses/latest/languages_summary
https://www.openhub.net/p/javacpc/analyses/latest/languages_summary
https://www.openhub.net/p/javacpc/factoids#FactoidCommentsLow
https://www.openhub.net/p/javacpc/factoids#FactoidAgeYoung
https://www.openhub.net/p/javacpc/factoids#FactoidTeamSizeZero
https://www.openhub.net/p/javacpc/factoids#FactoidActivityStable
https://www.openhub.net/p/javacpc/estimated_cost
https://www.openhub.net/p/javacpc/commits?sort=oldest
https://www.openhub.net/p/javacpc/commits


Where to Look for Emulators ?
{ƻƳŜ ŜƴǘǊȅ ǇƻƛƴǘǎΧ

ÅMulti-systems/platform/companies
https://emulation.gametechwiki.com/index.php/Multi-system_emulators
Inc. MAME, OpenEMU, BizHawk

ÅSpecific emulators
ÅComputers: https://en.wikipedia.org/wiki/List_of_computer_system_emulators
ÅConsoles: https://emulation.gametechwiki.com/index.php/Main_Page

https://www.planetemu.nethttp://www.emu-france.com[French]

ÅRetro-gaming zero install on raspberry pie
ÅRetro-pie: https://retropie.org.uk
ÅRecalbox: https://www.recalbox.com

ÅWeb-browser
ÅInternet Archive: https://archive.org/details/historicalsoftware(and others)
ÅPCjsmachines: https://www.pcjs.org(key applications, OS available)
ÅTinyEmus: https://floooh.github.io/tiny8bit

ÅCŀƴ ǇŀƎŜǎΧ
Åhttp://bruno.vivien.pagesperso-orange.fr/DAI/programmes/index.htm

https://emulation.gametechwiki.com/index.php/Multi-system_emulators
https://en.wikipedia.org/wiki/List_of_computer_system_emulators
https://emulation.gametechwiki.com/index.php/Main_Page
https://www.planetemu.net/
http://www.emu-france.com/
https://retropie.org.uk/
https://www.recalbox.com/
https://archive.org/details/historicalsoftware
https://www.pcjs.org/
https://floooh.github.io/tiny8bit
http://bruno.vivien.pagesperso-orange.fr/DAI/programmes/index.htm

