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3 months of Life at DEC PRL

An Introduction to LIFE—Programming with
Logic, Inheritance, Functions, and Equations

Hassan Ait-Kaci

Digital Equipment Corporation
Paris Research Laboratory

85, avenue Victor Hugo

92500 Rueil-Malmaison, France
hak@prl.dec.com

Abstract

LIFE (Logic, Inheritance, Functions, Equations) is a programming language with
a powerful facility for structured type inheritance. LIFE reconciles styles from
functional programming and logic programming by implicitly delegating control
to an ic suspension I 1. This allows interleaving interpretation of
relational and functional expressions that specify abstract structural dependencies
on objects. Together, these features provide a convenient and versatile power of
abstraction for very high-level expression of constrained data structures.

I'élément ne préexiste pas a Iensemble, il
est ni plus immédiat ni plus ancien, ce ne sont
pas les éléments qui déterminent I'ensemble, mais
I’ensemble qui détermine les éléments.

Grorars Perec La vie, mode d’emploi."
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3 months of Life at DEC PRL
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... then witnessing a lasting impact

o e The core language
«dOCaml ot The module system
ersion 412 Objects in OCaml
 Labels and variants

Polymorphism and its limitations

Advanced examples with classes and modules

< The OCaml Manual

Labels and variants

1 Labels
2 Polymorphicvatiants Chapter 4 Labels and variants
ARTICLE | & FREE ACCESS X in @ f
The typed polymorphic label-selective A-calculus ‘This chapter gives an overview of the new features in 0Cam1 3:labels, and polymorphic variants
Authors
1 Labels
1f you have a look at modules ending in Labels in the standard library, you wil see that function
: types have annotations you did not have in the functions you defined yourself.
Published LES
# ListLabels.nap
e N E - ‘a > 'b) > 'a list -> 'b list = <fun>
# Stringlabels.sub; ;
tgsore.  WAbstract ° : string -> pos:int -> len:int -> string = <fun>
trllinsl, - ., - Such annotations of the form name: are called labels. They are meant to document the code, allow.
o ° more checking, and give more flexbility to function application. You can give such names to
) arguments in your programs, by prefixing them with a tilde ~.
0 Abstract ! e th VAl

. val f : x:int -> yzint -> int = <fun>

#let x = 3andy = 2dn f ~x ~yi;
- ¢ dnt

‘When you want to use distinct names for the variable and the label appearing in the type, you can
use a naming label of the form ~name:. This also applies when the argument is not a variable.
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© 30+ years later: Software as Heritage
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Calling for preservation: UNESCO

Experts call for greater recognition of
software source code as heritage for
sustainable development

.6 November 2018

UNESCO, Inria, Software Heritage invite
40 international experts meet in Paris ...
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Calling for preservation: UNESCO

Experts call for greater recognition of
software source code as heritage for . - |
sustainable development

.6 November 2018

PARIS CALL
SOFTWARE SOURCE CODE
S Software Heritage
UNESCO, Inria, Software Heritage invite
40 international experts meet in Paris ... The call is published on Feb 2019
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Calling for preservation: UNESCO

Experts call for greater recognition of
software source code as heritage for
sustainable development

.6 November 2018

PARIS CALL
SOFTWARE SOURCE CODE
5, software Heritage
UNESCO, Inria, Software Heritage invite
40 international experts meet in Paris ... The call is published on Feb 2019

“[We call to] support efforts to gather and preserve the artifacts and narratives of the history
of computing, while the earlier creators are still alive”

https://en.unesco.org/foss/paris-call-software-source-code
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Calling for preservation: Donald Knuth and Len Shustek

Communications of the ACM, February 2021

B : /b "Telling historical stories is the best way to teach. It’s much easier to
B8% understand something if you know the threads it is connected to."

Let’s Not Dumb Down the History of Computer Science
Donald E. Knuth, Len Shustek
https://doi.org/10.1145/3442377

6/15
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Calling for preservation: Donald Knuth and Len Shustek

Communications of the ACM, February 2021

"Telling historical stories is the best way to teach. It’s much easier to
8 understand something if you know the threads it is connected to."

Let’s Not Dumb Down the History of Computer Science
Donald E. Knuth, Len Shustek
https://doi.org/10.1145/3442377

A unique opportunity

most of the creators are still here: we can talk to them!
but the clock is ticking...
We need a universal archive of software source code:

V.
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https://doi.org/10.1145/3442377

Calling for preservation: Donald Knuth and Len Shustek

Communications of the ACM, February 2021

"Telling historical stories is the best way to teach. It’s much easier to
8 understand something if you know the threads it is connected to."

Let’s Not Dumb Down the History of Computer Science
Donald E. Knuth, Len Shustek
https://doi.org/10.1145/3442377

A unique opportunity

most of the creators are still here: we can talk to them!
but the clock is ticking...
We need a universal archive of software source code: now we have one! |
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© Meet Software Heritage
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Software Heritage in a nutshell www.softwareheritage.org

A
DZEVAN .
<+3'%/- Software Heritage_
1’\1Ar/ THE GREAT LIBRARY OF SOURCE CODE

v

Collect, preserve and share all software source code

Preserving our heritage, enabling better software and better science for all

R. Di Cosmo  roberto@dicosmo.org ~ (CC-BY 4.0) Preserving Life September 26th 2025 7/15



Software Heritage in a nutshell www.softwareheritage.org

A
TSy
<3V, Software Herltage
L\ﬂAr/. THE GREAT LIBRARY OF SOURCE CODE ‘

Collect, preserve and share all software source code

Preserving our heritage, enabling better software and better science for all

Reference catalog
SoigiespCOAN.
i

G

find and reference all
software source code
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Software Heritage in a nutshell
_—
/ .
+3v%- Software Heritage
L\ﬂAV/‘ THE GREAT LIBRARY OF SOURCE CODE B
Y

Collect, preserve and share all software source code

Preserving our heritage, enabling better software and better science for all

Sohian,COON.
Giit,

T
GoogleCt, Tl RO

find and reference all
software source code

Universal archive

di dar?age
1Sas er v(‘Y(‘lCll((‘
umahcmus deletion

£ ~obsolete =

: ;,m)7U
vs dependencies

at
for‘ma

preserve and share all
software source code

R. Di Cosmo

roberto@dicosmo.org

(CC-BY 4.0)
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www.softwareheritage.org
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Software Heritage in a nutshell www.softwareheritage.org

A ,
o .
+3¥%. Software Heritage,
L\ﬂAV/A THE GREAT LIBRARY OF SOURCE CODE

v

Collect, preserve and share all software source code
Preserving our heritage, enabling better software and better science for all

v

Reference catalog Universal archive Research infrastructure

Sl CRAN damage ¢
Mol disaster ;i
Bﬂ«% %mili%imis dgé_nle,n%n
Gt erar, Sygobsolete i
GoogleCode “4ics == 2
find and reference all preserve and share all enable analysis of all
software source code software source code | software source code |
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Universal software archive, principled

:Cultuval Heritage ” Industry l‘ Research HPuhIic Administration
One infrastructure i‘ 4 a
i o
open and shared £ iy

Software Heritage
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Universal software archive, principled

l IF
Industry l\ Research |Public Administration

:Cultural Heritage l
One infrastructure ) P+
open and shared ii‘ ﬁ? 4 Hﬂﬁ

Software Heritage

Largest archive
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Universal software archive, principled

[Puhlic Administration

Industry Research

chilrxitrural Heritage i
One infrastructure i 733 4 ';_
open and shared i ‘ 'ﬁy iy Hma

Software Heritage

Largest archive

Technology Content (billions!)

Organization

@ transparency and FOSS @ intrinsic identifiers @ non-profit

@ replicas all the way down e facts and provenance e multi-stakeholder
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profit initiative built for the long term

Sharing the vision

=

Donors, members, sponsors

United Nations -
Educational, Scientific and -
Cultural Organization +

sﬂ'lwape v GitLab é; ENGINEERING % ecllpse
» ) o C',(:)-) A
OW2 Lfe se§orr I M

Diamond sponsors
B2 Microsoft

Libert + Egalité « Frasenié Platinum sponsors

THE REPUBLIQUE FRANGAISE
TJLiNux

2 uawer

Computer
History

> Gold sponsors
pouder = g ) amazon Google  openinventionieriork Yniverse
> i DE:' conservancy
Dpieeresn. AdaCore @ gandinet =

Silver sponsors

- <5 FREE SOFTWARE AdaCore GitHub ‘“‘\dmwm SR r—
ol J F:‘ FOUNDATION
@C(r)mH‘lons 5 ( \ open source openinventionnetwork B'“"Zi”"“s"'s
S PoRistve

% Sanchmna (L Yoiversite. @ungms, 4 |

And many more ... ’
www.softwareheritage.org/support/testimonials

R. Di Cosmo  roberto@di
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@ Preserving our software heritage
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process, with UNESCO and University of Pisa November 2019

Paris Call on Software Source Code

“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”
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process, with UNESCO and University of Pisa November

Paris Call on Software Source Code

“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

I Creta— Bz

The Software
Heritage
Acquisition
Process
~
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process, with UNESCO and University of Pisa November 2019

Paris Call on Software Source Code
“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

e Cla B @ Rescue Legacy Software from different/media
The Software C thSICa|
Heritage ° dlglta|
Acquisition
qProcess o legacy / unsupported

~ @ recent / supported
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process, with UNESCO and University of Pisa November 2019

Paris Call on Software Source Code
“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

e Cla B @ Rescue Legacy Software from different/media
The Software C thSICa|
Heritage ° dlglta|
Acquisition
qProcess o legacy / unsupported

~ @ recent / supported

o Curate the code
o reconstructing the development history
o collecting metadata
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process, with UNESCO and University of Pisa November 2019

Paris Call on Software Source Code
“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

e Cla B @ Rescue Legacy Software from different/media
The Software C thSICa|
Heritage ° dlglta|
Acquisition
qProcess o legacy / unsupported

~ @ recent / supported

o Curate the code
o reconstructing the development history
o collecting metadata

o And illustrate with dedicated presentations
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Building the Software Stories November 2021

Paris Call on Software Source Code

“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”
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https://hal.archives-ouvertes.fr/hal-03483982
https://www.softwareheritage.org/news/events/swhap_days_2022/

Building the Software Stories November 2021

Paris Call on Software Source Code

“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

SOFTWARE STORIES

% <574)- Software Heritage

The Pisa Collection

Stories of landmark legacy code (Beta Version)

TAUmus
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Building the Software Stories November 2021

Paris Call on Software Source Code

“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

SOFTWARE STORIES

% ‘ g o Expand the SWHAP scope to
o documents

The Pisa Collection e media (videos, pictures, images, etc.)
Stories of landmark legacy code (Beta Version) o Oral history
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Building the Software Stories November 2021

Paris Call on Software Source Code

“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

SOFTWARE STORIES

% ‘ g o Expand the SWHAP scope to
o documents

The Pisa Collection e media (videos, pictures, images, etc.)
Stories of landmark legacy code (Beta Version) o Oral history

@ Preserve and Present all this material
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Building the Software Stories November 2021

Paris Call on Software Source Code

“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

SOFTWARE STORIES

% ‘ g o Expand the SWHAP scope to
o documents

The Pisa Collection e media (videos, pictures, images, etc.)
Stories of landmark legacy code (Beta Version) o Oral hiStOry

@ Preserve and Present all this material

@ Share process and tools (all open source!)
o with museums, archives and all interested parties

TAUmus
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Building the Software Stories November 2021

Paris Call on Software Source Code

“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

SOFTWARE STORIES

% ‘ g o Expand the SWHAP scope to
o documents

The Pisa Collection e media (videos, pictures, images, etc.)
Stories of landmark legacy code (Beta Version) o Oral history

@ Preserve and Present all this material

@ Share process and tools (all open source!)
o with museums, archives and all interested parties

see this live on the Software Stories website, and get the guide
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Building the Software Stories November 2021

Paris Call on Software Source Code

“[We call to] support efforts to gather and preserve the artifacts and narratives of the
history of computing, while the earlier creators are still alive”

SOFTWARE STORIES

% ‘ g o Expand the SWHAP scope to
o documents

The Pisa Collection e media (videos, pictures, images, etc.)
Stories of landmark legacy code (Beta Version) o Oral history

@ Preserve and Present all this material

@ Share process and tools (all open source!)
o with museums, archives and all interested parties

see this live on the Software Stories website, and get the guide
and the SWHAP Days hybrid event, 19 and 20 october 2022

TAUmus
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Finding Wild Life

Search engines are (more or less) your friends: CMU has it!

< C % comu Vai-rep p pl/fp_Ipife/

88 % Bookmarks @ Sel20rg [ Simple O... @ Debian P...
Index of /afs/cs/project/ai-repository/ai/lang/prolog/impl/fp_lp/life

Name Last modified ~ Si

Description

rent Directory. -
1994-12-07 14:44 5.5K
1995-02-13 10:34 6.7K
1994-07-15 11:50 1.1K

nounce.txt 1994-03-29 23:05 4.9K
1993-01-28 07:55 2.9K
1994-07-15 11:50 72K
1993-08-09 22:16 537K
v 1994-07-15 11:50 72K
) life_091.tgz 1993-08-09 22:17 571K

[@ life_10.1tv 1994-07-15 11:50 110K
W life_10.tgz 1994-03-24 13:39 1.3M
readme.txt 1993-08-19 02:30 4.5K

Apache/2.4.18 (Ubuntu) Server at www.cs.cmu.edu Port 443
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Al full circle...

8 > ChatGPT 5 Thinking v

Great, now let's make an exercise on a real world case. Let's
consider the code source de LIFE / Wild LIFE (le systéme de LIFE
développé au PRL de Digital par I'équipe incluant Hassan Ait-Kaci) :

Dépot CMU Al Repository (archives officielles) — contient les
tarballs life_090.tgz, life_091.tgz et life_10.tgz avec le code C et LIFE
de l'interpréteur Wild_LIFE, le README et la licence DEC (non-
commerciale).

Indication rapide : https://www.cs.cmu.edu/afs/cs/project/ai-
repository/ai/lang/prolog/impl/fp_lp/life/

et la life_10.tgz est la derniére archive listée (1.3 MB, datée 1994-
03-24). Propose a step by step series of commands to get the
original material, and then process it according to the SWHAP
official guide.

Thought for 1Tm 15s
Awesome choice. Here's a clean, reproducible SWHAP workflow for LIFE / Wild_LIFE from the CMU AT
Repository. I give you:
* aone-shot Bash recipe (download — verify — structure — metadata — Git reconstruction)
* plus the alternative “archives” ingestion path on Software Heritage (no Git reconstruction)
I've inlined exact URLs, dates, and license info from CMU's listing and files so your curation trail is

airtight. N
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LIFE (source code) saved!

o
= () softwarcHeritage / Wild Life-swhap Q Type [7)to search 8 - |[+-]0onla Q
¢ Code @ lIssues 1 Pullrequests @ Securty | Insights 53 Settings
% Wild_Life-swhap  pubic S EditPins v @Watch 0 + ¥ Fork 0+ ¥ Str 0~

See'the
$ main v ¥ 2Branches © 0Tags Q Gotofile © Addfile - <> Code + About B A
Gt Hud

Reconstructed version history of the
Roberto Di Cosmo Add badges with pointer to the archived versions 3010623 3wecks ago D 4Commits g Life compller, following the

SWHAP process & I’epOS[*
I additional_materials Add the WildLife_Handbook.ps 3 weeks ago
[ Readme
s epository: Wild_LIFE original tarballs + metadata weeks ago
W metadata SWHAP depository: WildLIFE original tarballs + metadat 3 ag o ctvity tory’
W raw_materials SWHAP depository: Wild_LIFE original tarballs + metadata 3 weeks ago [ Custom properties
e flash:
[J README.md Add badges with pointer to the archived versions 3 weeks ago
® Owatching
% Oforks
[0 README Vs = '

Report reposito

Wild_LIFE — SWHAP Workbench Reteases

No releases published

Create anew release

% archived [EROSIONY | 5 archived swh1:dird0ar2c1134380d1e64abbcd2d01e6(da23988d7

This repository contains the curated acquisition of the Wild_LIFE / LIFE system developed at the DEC Paris Packages
Research Lab, following the Software Heritage Acquisition Process (SWHAP).

No packages publihed
Pubish your first package
The workbench provides both the Depository and the Curated Source Code Deposit: B
o rau materials/
Contains the pristine release tarballs ( Life 690.tgz , life 091.tgz, life 10.tgz)and ancillary material
(README, license).
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A call for action

More memories from Hassan’s LIFE?

Open a pull request in the repository at '
https://github.com/SoftwareHeritage/wWild_Life-swhap and add

them to:
@ raw-materials if it’s code

o additional-materials otherwise (papers, pictures...)

Floor is yours! J
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