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Sir Tim Berners-Lee (WWW’94):
https://videos.cern.ch/record/2671957
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APl Documentation for Machines

It has an on/off
observable

This is a
street lamp!

Thing Description property.
of Thing A

TDA

It has a
toggle
action.

1]

It emits an
event to notify
you when it
burns out.
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Other
Resources

Ideally:
arrive-and-operate

Thing Description
of Thing A

TDA

Matthias Kovatsch et al. (eds.), Web of Things (WoT) Architecture, W3C Recommendation, 2020.
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( How to design hypermedia-based environments that b
Ideally: g support autonomous behavior? )
arrive-and=nonarara [T REes0lrcesJd S
How to design software agents able to learn, plan, and adapt in order to
L achieve their tasks through flexible autonomous use of hypermedia? )
eI 401 =
( How to design, represent, and reason about interactions among b
g autonomous agents, people, and any other resources on the Web? )
—
( How to design and govern communities of autonomous agents b
L and people on the Web? )

Matthias Kovatsch et al. (eds.), Web of Things (WoT) Architecture, W3C Recommendation, 2020.

Autonomous Agents and Semantic Web Web Architecture and

Multi-Agent Systems and Linked Data the Web of Things
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T Urversie s ot Agents on the Web: Community and Impact

May 2019 l HyperAgents 2019 @ TheWebConf 2019

x"',“,:‘(",,‘:[“‘f\‘

“ Dagstuhl Seminar 21 072’.’ & Fob 2021 7 g !
Autonomous Agents on the Web Ny T =
\\_\ g9, 1
4 .-'- Dagstuhl Seminar 21072 L@ﬂf-‘“’ﬂ
~fwl-"-.  Autonomous Agents on the Web
:f:|l"'|| Iy ( Feb 14 - Feb 19, 2021) _
https://www.dagstuhl.de/21072 Fob 2003 ¢ D2gstuhl Seminar 23081:

“Agents on the Web”

mNESS GROUP> i Dagstuhl Seminar 23081
S, commin™ W3C WebAgents "T"!il _{i.  Agents on the Web
1]
"

wWie 4 Ye ) March 2023
Community Group ‘ -

e - "||” ( Feb 19 - Feb 24, 2023 )
https://www.dagstuhl.de/23081

AUTONOMOUS AGENTS ON THE WEB COMMUNITY
GROUP

This community group is interested in the design of Web-based Multi-Agery r ems
{MAS) for the deployment of world-wide hybrid commu fpe ople wd

https://www.w3.org/community/webagents/
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* Hypermedia Multi-Agent Systems

« Use Cases

— Flexible Industrial Manufacturing
— Tackling Online Disinformation

« Challenges
— Efficient Interaction
— Accountable Interaction
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- J—— MAS and the Web: The Misalignment Problem

[ AAMAS 2019

A Decade in Hindsight: The Missing Bridge Between
Multi-Agent Systems and the World Wide Web
Blue Sky Ideas Track

Andrei Ciortea Simon Mayer Fabien Gandon
University of St. Gallen University of St. Gallen Inria, Université Cote d’Azur, CNRS
St. Gallen, Switzerland and ETH Ziirich Sophia Antipolis, France
Inria, Université Cote d’Azur, CNRS St. Gallen, Switzerland fabien.gandon@inria.fr
Sophia Antipolis, France simon.mayer(@unisg.ch

andrei.ciortea@unisg.ch

Olivier Boissier Alessandro Ricci Antoine Zimmermann
MINES Saint-Etienne, CNRS University of Bologna MINES Saint-Etienne, CNRS
Saint-Etienne, France Cesena, Italy Saint-Etienne, France
olivier.boissier@emse.fr aricci@unibo.it antoinezimmermann(@emse.fr
ABSTRACT Semantic Web vision (4], Hendler was looking back to conclude that

The World Wide Web has evolved drastically over the past decade most ideas in
— and the proliferation of Web APIs has turned it into the middle- deployment g

ware of choice for most distributed systems. The recent focus on later, McB : C once pt ua I D i mens i ons fo r

bpernadiodoncen A DL tocetberuith initiatives such as the Web in which - ~
o gmoing and advancing the 366t techno Engineering MAS
ic, : dl —lived — once dyna
Availability of P o bt ey e

Pratical Use Cases S A w
SnitesiWIEESY  The Role of Hypermedia in the

multi-agent systems (MAS) research. In this paper, we analyze in thel P{emfr ! . .
hindsight the factors that hindered the widespread acceptance of BOIImES: 10

early Web-based MAS. We argue that the answer lies equally in a recent results Web ArCh and serVIce des'gn
lack of practical use cases as well as the premature development gap be.tween. ) - -
and alignment of Web and agent technologies. We then present a turning point in their development and ve all the prerequisites
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The Web as a transport layer in MAS:
- WS-* standards (SOAP, WSDL, etc.)

O - FIPA Agent Message Transport Protocol for HTTP
O O Foundation for Intelligent Physical Agents (FIPA)
O/ http://www.fipa.org/specs/fipa00084/SCO0084F.html

What about the Web? { MAS remain outside of the Web and are J

misaligned with the Web architecture.

A. Ciortea, S. Mayer, F. Gandon, O. Boissier, A. Ricci, and A. Zimmermann, A Decade in Hindsight: The Missing Bridge Between Multi-Agent Systems and the World Wide Web, AAMAS 2019.
Smart Diaspora 2023: Trust Al Workshop
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O
©< e

What about the Web?

Environment [Weyns et al., 2007]

— workshop series: Environment for Multiagent
Systems (E4AMAS)

Organization [Boissier et al., 2006]

— workshop series: Coordination, Organizations,
Institutions, and Norms in Agent Systems (COIN)

A. Ciortea, S. Mayer, F. Gandon, O. Boissier, A. Ricci, and A. Zimmermann, A Decade in Hindsight: The Missing Bridge Between Multi-Agent Systems and the World Wide Web, AAMAS 2019.
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scheme

L B
T (B e -
RS G ~, Y- -':_____:I e ‘P mlssnon_‘"

Organizations A e il

Agents

Applicati

Environment [Weyns et al., 2007]
Environr

— workshop series: Environment for Multiagent
Systems (E4AMAS)

External
Environr

Organization [Boissier et al., 2006]

. — workshop series: Coordination, Organizations,
JaCaMo Meta-Model [Boissier et al., 2013] Institutions, and Norms in Agent Systems (COIN)

network node

O. Boissier, R.H. Bordini, J.F. Hubner, A. Ricci, and A. Santi, Multi-agent oriented programming with JaCaMo, Science of Computer Programming, Volume 78, Issue 6, 2013.
Smart Diaspora 2023: Trust Al Workshop 11
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Organizations

Agents

Applicati
Environr

External
Environr

YA Universicit St.Gallen MAS - More Than Just Agents

- schome N Hybrid Manufacturing Organizations @ Siemens
el ";::::::_:‘*-------;’f-ﬁa__‘__‘ [Ciortea et al., 2018]

collectives of people and artificial agents

) working towards common goals
autonomous behavior
non-autonomous behavior
on . s N D LA Environment [Weyns et al., 2007]
nent 777 workspace ¥

— workshop series: Environment for Multiagent
Systems (E4AMAS)

Organization [Boissier et al., 2006]

network node

. — workshop series: Coordination, Organizations,
JaCaMo Meta-Model [Boissier et al., 2013] Institutions, and Norms in Agent Systems (COIN)

Andrei Ciortea, Simon Mayer, and Florian Michahelles. Repurposing Manufacturing Lines on the Fly with Multi-Agent Systems for the Web of Things, AAMAS 2018.
O. Boissier, R.H. Bordini, J.F. Hubner, A. Ricci, and A. Santi, Multi-agent oriented programming with JaCaMo, Science of Computer Programming, Volume 78, Issue 6, 2013.
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% schems N Hybrid Manufacturing Organizations @ Siemens
[Ciortea et al., 2018]

Organizations

collectives of people and artificial agents
working towards common goals

Agents autonomous behavior

non-autonomous behavior

Applicati
Environr

What about the Web?

External
Environr

network node

JaCaMo Meta-Model [Boissier et al., 2013]

Andrei Ciortea, Simon Mayer, and Florian Michahelles. Repurposing Manufacturing Lines on the Fly with Multi-Agent Systems for the Web of Things, AAMAS 2018.
O. Boissier, R.H. Bordini, J.F. Hibner, A. Ricci, and A. Santi, Multi-agent oriented programming with JaCaMo, Science of Computer Programming, Volume 78, Issue 6, 2013.

Smart Diaspora 2023: Trust Al Workshop 13



v’

YA Universicit St.Gallen MAS - More Than Just Agents

% schems N Hybrid Manufacturing Organizations @ Siemens
R o et N [Ciortea et al., 2018]

Organizations

collectives of people and artificial agents
working towards common goals

Agents autonomous behavior

non-autonomous behavior

Web Resources

iﬁi Semantic Specs. of Organizations

\%

E Artifact Manuals (functionality desc.)
E W3C WoT Thing Desc. (interface desc.)

Applicati
Environr

External
Environr

RD | Resource Directory

network node

JaCaMo Meta-Model [Boissier et al., 2013] ’j ™ WoT Devices

Andrei Ciortea, Simon Mayer, and Florian Michahelles. Repurposing Manufacturing Lines on the Fly with Multi-Agent Systems for the Web of Things, AAMAS 2018.
O. Boissier, R.H. Bordini, J.F. Hibner, A. Ricci, and A. Santi, Multi-agent oriented programming with JaCaMo, Science of Computer Programming, Volume 78, Issue 6, 2013.
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Mon REST APIs must be hypertext-driven

20 Oct
2008 Posted by Roy T. Fielding under software architecture, web

architecture
[51] Comments

I am getting frustrated by the number of people calling any HTTP-based
interface a REST API. Today’s example is the SocialSite REST API. That
is RPC. It screams RPC. There is so much coupling on display that it
should be given an X rating.

What needs to be done to make the REST architectural style clear on the
notion that hypertext is a constraint? In other words, if the engine of
application state (and hence the API) is not being driven by hypertext,
then it cannot be RESTful and cannot be a REST API. Period. Is there
some broken manual somewhere that needs to be fixed?

https://roy.gbiv.com/untangled/2008/rest-apis-must-be-hypertext-driven
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4 )

“When | say [hypermedia] | mean the simultaneous presentation of information and
controls such that the information becomes the affordance through which the user
obtains choices and selects actions.”

— Roy T. Fielding, A Little REST and Relaxation, ApacheCon Europe, 2008/
-

Affordances in everyday life: How do affordances look like on the Web?

OO
| .
Iama%&erlmk. GO g|e
il | am not ﬁ/perlink. ,,,,,,,,,,,, e

[ http://google.com

{eo
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o

/“When | say [hypermedia] | mean the simultaneous presentation of information and
controls such that the information becomes the affordance through which the user

obtains choices and selects actions.”
— Roy T. Fielding, A Little REST and Relaxation, ApacheCon Europe, 2008

~

J

Affordances in everyday life:

Ke

O

Smart Diaspora 2023: Trust Al Workshop

How do affordances look like on the Web?

It has an on/off
observable

property.

It emits an event
to notify you when
it burns out.

It has a toggle
action.

W3C WoT Thing Description
(API Documentation for Machines)
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7a unesiesccalen T e Role of Hypermedia in the Web Model

4 )

“When | say [hypermedia] | mean the simultaneous presentation of information and
controls such that the information becomes the affordance through which the user
obtains choices and selects actions.”

— Roy T. Fielding, A Little REST and Relaxation, ApacheCon Europe, 2008/
-

Affordances in everyday life: How do affordances look like on the Web?

——

"actions": {

[ "toggle": {
"@type": "saref:ToggleCommand",
| "forms": [{
"href": "https://mylamp.example.com/toggle"

}H

It emits
to notify
it bul

O

It has a toggle
action.

W3C WoT Thing Description
(API Documentation for Machines)

Smart Diaspora 2023: Trust Al Workshop



v’

7a unesiesccalen T e Role of Hypermedia in the Web Model

4 )

“When | say [hypermedia] | mean the simultaneous presentation of information and
controls such that the information becomes the affordance through which the user
obtains choices and selects actions.”

— Roy T. Fielding, A Little REST and Relaxation, ApacheCon Europe, 2008/
-

Current state, next reachable

Origin Client states, and hypermedia controls - .
for trans. are retrieved at run time  [FOHgiRServer Sl ey
—
Resource
Resource
Client chpos_es the State transitions fire self-
next application state contained requests on resources

Smart Diaspora 2023: Trust Al Workshop
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7a wiestesicalen ] e Role of Hypermedia in the Web Model

4 )

“When | say [hypermedia] | mean the simultaneous presentation of information and
controls such that the information becomes the affordance through which the user
obtains choices and selects actions.”

— Roy T. Fielding, A Little REST and Relaxation, ApacheCon Europe, 2008/
-

Hypermedia-driven interaction “decouples” the Web architecture:

- URIs, possible transitions to next application states, and the means to transition to those
states are advertised in the hypermedia — they are never hard-coded into clients!

= components can be developed, deployed, and can evolve independently from one another

Smart Diaspora 2023: Trust Al Workshop



< J— Hypermedia Multi-Agent Systems

The Web is no longer a hidden transport layer, but a rich application layer!
The systems are weaved into the hypermedia fabric of the Web

O
Sk

Distributed hypermedia environment

Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.
Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.
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Hypermedia Multi-Agent Systems

The Web is no longer a hidden transport layer, but a rich application layer!
The systems are weaved into the hypermedia fabric of the Web

O Q [Ciortea et @
\ al., 2020]
\
ﬂ = ) Y Affordances:
it T osese | \ Turn On / Off
v \ Change color
M-

: b ¥
Policies .

Uniform Discovery % C )

Distributed hypermedia environment

Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.

Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.
Smart Diaspora 2023: Trust Al Workshop
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> JP—— Hypermedia Multi-Agent Systems

The Web is no longer a hidden transport layer, but a rich application layer!
The systems are weaved into the hypermedia fabric of the Web

O § o & 0 %

[Ciortea et p(.-’ T
LG ‘ea\e al., 2020] s \[’:’l;ended
ﬂ 20 ‘ ) R Afford
_ SR ordances:
S =I>
'-o - <00 o ~~=2 Turn On / Off
T reect ] Change color

> Interaction T =S ¥
Prot. Spec. . =| —

Uniform Action @ @ Policies ™

Distributed hypermedia environment

Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.
Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.
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The Web is no longer a hidden transport layer, but a rich application layer!
The systems are weaved into the hypermedia fabric of the Web

c>§ 5 & O %

New U= [Ciortea et @
-~ al., 2020 N
] €~ - ew State

Affordances:
Turn On / Off
Change color

Prot. Spec. .
Uniform Perception @ (3

Distributed hypermedia environment

Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.
Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.

Smart Diaspora 2023: Trust Al Workshop 24



%
'A Universitat St.Gallen

Hypermedia Multi-Agent Systems

The Web is no longer a hidden transport layer, but a rich application layer!
The systems are weaved into the hypermedia fabric of the Web

S ol

O . g
[Ciortea et S o !

al., 2020] 9, RS

O&‘\\: ’ Affordances:
< Turn On / Off
/7
, Change color
/7
Prot. Spec. .

Stigmergic Interactions @

. Policies .

Distributed hypermedia environment

Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.
Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.
Smart Diaspora 2023: Trust Al Workshop
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The Web is no longer a hidden transport layer, but a rich application layer!
The systems are weaved into the hypermedia fabric of the Web

O [Ciortea et Physical
al., 2020] €= New g, s Action

Affordances:
Turn On / Off
Change color

Prot. Spec. .

Stigmergic Interactions @ 3

Distributed hypermedia environment

Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.
Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.
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The Web is no longer a hidden transport layer, but a rich application layer!
The systems are weaved into the hypermedia fabric of the Web

O § 0 & O 3

A 7
o9 [Ciortea et oQ’ o !
0,\ ‘ea al., 2020] %, RS
- ~
N/ T Part Affordances:
= o Turn On / Off
PR Change color

> Int ti
ieragton i D
Rich, dynamic, % 3

ecosystems

Distributed hypermedia environment

Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.
Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.
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The Web is no longer a hidden transport layer, but a rich application layer!
The systems are weaved into the hypermedia fabric of the Web

c>§ 5 & O %

ﬁe\’N’ - [Ciortea et Physical
- al., 2020] €~ Newg,, s Action

Affordances:
Turn On / Off
Change color

Prot. Spec. .
Rich, dynamic, @ 3

ecosystems

Distributed hypermedia environment

Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.
Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.
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Hypermedia Multi-Agent Systems

The Web is no longer a hidden transport layer, but a rich application layer!
The systems are weaved into the hypermedia fabric of the Web

Ideally: é
arrive-and-operate Q | O ‘ O
[Ciortea et
al., 2020]
ﬂ i B Affordances:
= e | Turn On / Off

Change color

Prot. Spec. .

Rich, dynamic, % .
ecosystems

||||i>
"

Policies .

Distributed hypermedia environment

Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.
Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.
Smart Diaspora 2023: Trust Al Workshop
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The Web is no longer a hidden-tranepert-layer=bui=-a-rich application layer!

2 ol
[Ciortea et
al., 2020] @

Affordances:
Turn On / Off
Change color

L

-
@———
C S

4

< S _Z
What if we strip away @ <D TR olicies
the hypermedia? o >4

Distributed hypermedia environment -

Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.
Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.

Prot. Spec.

Smart Diaspora 2023: Trust Al Workshop 30



> JP—— Hypermedia Multi-Agent Systems

The Web is no longer a hidden-tranepert-layer=bui=-a-rich application layer!
- I Lintotivet La-falbric-of-tihe el

Constrains the agent's autonomy
= hinders flexibility and adaptability

What if we strip away
Current state-of-the-art for
Web-based MAS!

the hypermedia? @
Andrei Ciortea, Olivier Boissier, and Alessandro Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018.

Andrei Ciortea, Simon Mayer, Simon Bienz, Olivier Corby, and Fabien Gandon. Autonomous search in a social and ubiquitous Web. Pers Ubiquit Comput. 2020.
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To define a new class of Web-based multi-agent systems (MAS) that inherit the architectural
properties of the Web, preserve the properties of MAS, and are human-centric.

= properties of the Web: Internet-scalability, evolvability, simplicity, etc.

= properties of MAS: adaptability, openness, robustness, etc.

Contribute a thorough set of

— human-centric: transparency, usability, accountability, etc. knowledge to science about

the design of Web-based MAS

JAHYyperAgents IntellioT

Hypermedia Communities of Intelligent, distributed, human-centered
People and Autonomous Agents (HyperAgents) and trustworthy loT environments
https://project.hyperagents.org https://intelliot.eu

Smart Diaspora 2023: Trust Al Workshop
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o . .
YaS Universicit St Gallen Towards a Fundamental Contribution

To define a new class of Web-based multi-agent systems (MAS) that inherit the architectural
properties of the Web, preserve the properties of MAS, and are human-centric.

= properties of the Web: Internet-scalability, evolvability, simplicity, etc.

= properties of MAS: adaptability, openness, robustness, etc.

Contribute a thorough set of

— human-centric: transparency, usability, accountability, etc. knowledge to science about

the design of Web-based MAS

Industrial Manufacturing Tackling Online Disinformation
Smart Diaspora 2023: Trust Al Workshop
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Lot-size-one problem: unique products at mass production costs
» customization is expensive: production lines are optimized, inflexible, and have large lifespans (> 30yr)
= we need production lines that can be repurposed on-the-fly

Early proof-of-concept for Hypermedia MAS in manufacturing: SI E M E NS
* hybrid manufacturing organizations
« end-user programming for production engineers

’ Co—
—— | Organization Agent[ =

== Panel AW | panel l—
_:_, Plan

—~- <——|Scheme Editor

—— Autonomy | “TT '

—= Controller . S—

= ~ Organizational
— =) Artifacts

<«—Roles

Qrous Deployment

o= o Button
—- <—| Missions

Andrei Ciortea, Simon Mayer, and Florian Michahelles. Repurposing Manufacturing Lines on the Fly with Multi-Agent Systems for the Web of Things, AAMAS 2018.

Smart Diaspora 2023: Trust Al Workshop 34



' - . .
¥ unvesuesecaten - Use Case: Flexible Industrial Manufacturing

Lot-size-one problem: unique products at mass production costs
» customization is expensive: production lines are optimized, inflexible, and have large lifespans (> 30yr)
= we need production lines that can be repurposed on-the-fly

Early proof-of-concept for Hypermedia MAS in manufacturing: SI E M E NS
* hybrid manufacturing organizations
« end-user programming for production engineers

[ AAMAS 2018 |

Repurposing Manufacturing Lines on the Fly with
Multi-agent Systems for the Web of Things

Andrei Ciortea Simon Mayer Florian Michahelles

Siemens Corporate Technology Siemens Corporate Technology Siemens Corporate Technology '
Berkeley, CA 94704, USA Berkeley, CA 94704, USA Berkeley, CA 94704, USA
Univ. Lyon, MINES Saint-Etienne, Pro2Future GmbH and Graz florian.michahelles@siemens.com
CNRS Lab Hubert Curien UMR 5516 University of Technology
Saint-Etienne, France Graz, Austria . .
andrei.ciortea@emse.fr simon.mayer@pro2future.at h ttps : //l N te I I |Ot e U/
ABSTRACT significance: we are witnessing an accelerating trend towards highly
Multi-agent systems (MAS) have long been envisioned as a key customized products across a broad range of industrial domains
enabling technology in manufacturing, but this promise is yet to For industry, mass-customization means that products in lot sizes
be realized: the lack of proper models, architectures, tooling, and of as little as a single item now have to be manufactured at the
tha hirh laval nf avnartica rannirad for dacimming and nramrammine price of mass-produced goods. This development challenges the

Andrei Ciortea, Simon Mayer, and Florian Michahelles. Repurposing Manufacturing Lines on the Fly with Multi-Agent Systems for the Web of Things, AAMAS 2018.
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¥ unvesuesecaten - Use Case: Flexible Industrial Manufacturing

Lot-size-one problem: unique products at mass production costs
» customization is expensive: production lines are optimized, inflexible, and have large lifespans (> 30yr)
= we need production lines that can be repurposed on-the-fly

Early proof-of-concept for Hypermedia MAS in manufacturing: SI E M E NS
* hybrid manufacturing organizations
« end-user programming for production engineers

+!change_color(Color) : true

2 1 <- ?xx_wot_client("huelamp",X_var_1);
AAI V IA readProperty ("http://localhost/huelamp/state", X_var_2) [artifact_id(X_var_1)];

json.parse(X_var_2, X_var_3);

When "
. . . . i i S ION change json.get(X_var_3, "boolean", State);
Repurposing Manufacturing Lines on the Fly with o e o s
IR . S| - WaEYS json.create_empty_object(X_var_4);
MUItI agent SyStems for the web Of Thlngs asks thing | huelamp to store the value of its current state json.set(X_var_4,"string", "color", Color);
F ?xx_wot_client("huelamp", X_var_5);
Andrei Ciortea Simon Mayer Florian Michahelles continues if O TRy | otherwisefails invokeAction("http://localhost/huelamp/color","POST", X_var_4,
Siemens Corporate Technology Siemens Corporate Technology Siemens Corporate Technology | | X_var_6) [artifact_id(X_var_5)];
Berkeley, CA 94704, USA Berkeley, CA 94704, USA Berkeley, CA 94704, USA asks thing json.parse(X_var_6, X_var.7);
Univ. Lyon, MINES Saint-Etienne, Pro2Future GmbH and Graz florian.michahelles@siemens.com json.get(X_var_ 7, "string", "color", Result).
CNRS Lab Hubert Curien UMR 5516 University of Technology
Saint-Etienne, France Graz, Austria
andrei.ciortea@emse.fr simon.nmyer@pmzfuture.at
. .
ABSTRACT significance: we are witnessing an accelerating trend towards highly Ag e n t-o rl e n te d VI s u a I
Multi-agent systems (MAS) have long been envisioned as a key customized products across a broad range of industrial domains .
enabling technology in manufacturing, but this promise is yet to For industry, mass-customization means that products in lot sizes P rog ra m m | n g fo r th e WOT
be realized: the lack of proper models, architectures, tooling, and of as little as a single item now have to be manufactured at the
Vha Wi lowal af svnarties vannivar o Anstoninm sl neamsarrains price of mass-produced goods. This development challenges the then it's done! [Bu ratti ni et al 2022]
=

S. Burattini, A. Ricci, S. Mayer, D. Vachtsevanou, J. Lemée, A. Ciortea, and A. Croatti: Agent-Oriented Visual Programming for the Web of Things, EMAS 2022
Andrei Ciortea, Simon Mayer, and Florian Michahelles. Repurposing Manufacturing Lines on the Fly with Multi-Agent Systems for the Web of Things, AAMAS 2018.
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< . . . :
A uesuesicaen Use Case: Tackling Online Disinformation

Credibility analysis of online information is hard
« automated fact-checking can scale but lacks accuracy
« manual fact-checking is more accurate but lacks scale

O O CORONAVIRUS IS
THE US CREATED e o
‘ 2 ‘ THE VIRUS .. -

- CORONAVIRUS IS A TOOL %
T0 INTRODUCE TYRANNY- 2 o -
n——>.<§n . e gl
. SCHENGEN HAS -
\ / \ // l COLLAPSED THE VIRUS IS NOT
\) . , DANGEqu =

\ . . - https://euvsdisinfo.eu/
Information N~ -

on the Web ~
immediate

but also unfiltered!

lobal
globd diverse

Antonia Wild, Andrei Ciortea, and Simon Mayer. Designing Social Machines for Tackling Online Disinformation, DecentWeb 2020.
W3C Web Annotation Working Group: https://www.w3.org/annotation/; W3C CredWeb Community Group: https://www.w3.org/community/credibility/
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< . . . :
A unesuesecalen Use Case: Tackling Online Disinformation

Credibility analysis of online information is hard
« automated fact-checking can scale but lacks accuracy
« manual fact-checking is more accurate but lacks scale

O O

‘ W3C Web Annotations: transparency at source on the
W3cC \\’/szg open Web
Web
/ Aot | T / Amne
VV\\//:)(;S 3(%. AVrYr?gt /_> The pandemic has resulted in severe global social and economic disruption, including the

\ Z largest global recession since the Great Depression of the 1930s.18 It has led to widespread
Annot. . //

\ sup| ruption, food shortages, and

. \ Showing 1 annotation X Show all (4) EE

-~ . - pandemic
-~ v . -~ rlugo 27 Jan
Information S~ L~ & Public
on the Web ~ - food shortages
immediate but also unfiltered! rood shortages ddnethappenedyet
global diverse

Antonia Wild, Andrei Ciortea, and Simon Mayer. Designing Social Machines for Tackling Online Disinformation, DecentWeb 2020.
W3C Web Annotation Working Group: https://www.w3.org/annotation/; W3C CredWeb Community Group: https://www.w3.org/community/credibility/
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< . . . :
A uesuesicaen Use Case: Tackling Online Disinformation

Credibility analysis of online information is hard
« automated fact-checking can scale but lacks accuracy
« manual fact-checking is more accurate but lacks scale

O O

‘ ‘ W3C Web Annotations: transparency at source on the
\\//Vv3g \\’/szg open Web
/ Anr?ot. \ Wac Annot.
[ wae 9 , . Avr\]/ﬁgt /; Fact-checking workflows defined by expe’rtys
Annot.
\ // \\/ EU factgtlneggt( .eu
\> ~
\ ] . / y . . . . . . . .
Information ~ . . - What’s missing: designing hybrid organizations of
on the Web -~ people and autonomous agents
obal immediate ‘ but also unfiltered! — and deploying them at scale!
globa

dlverse Antonia Wild, Andrei Ciortea, and Simon Mayer. Designing Social Machines for Tackling Online Disinformation, DecentWeb 2020.
W3C Web Annotation Working Group: https://www.w3.org/annotation/; W3C CredWeb Community Group: https://www.w3.org/community/credibility/
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< . . . :
A unesuesecalen Use Case: Tackling Online Disinformation

Credibility analysis of online information is hard
« automated fact-checking can scale but lacks accuracy
« manual fact-checking is more accurate but lacks scale

‘ W3C ‘ W3C [ aDecentWeb 2020 ]

Web Web e : ; ; s ;
/ Anrot \ Annot. Designing Social Machines for Tackling Online Disinformation
W3C Antonia Wild Andrei Ciort Si M
ntonia 1 ndarel ciortea mon ivayer
W3C 7&. Web University of St. Gallen University of St. Gallen University of St. Gallen
Web \ Annot_ St. Gallen, Switzerland St. Gallen, Switzerland and ETH Zirich

Annot. \ —_— s * antonia.wild@student.unisg.ch Inria, Université Cote d’Azur, CNRS St. Gallen, Switzerland
. \ % Sophia Antipolis, France simon.mayer@unisg.ch
/ \ andrei.ciortea@unisg.ch
\ . \/ \ / ABSTRACT Web - and envisioned the use of annotations as a suitable mecha-

Traditional news outlets as carriers and distributors of information nism.” Such Web Annotations, now a W3C Recommendation [16],
. have been challenged by online social networks with regards to construct a metadata layer on top of existing resources and without
\ / their pate-keenine function. We helieve that onlv a combined effort requiring their modification. As such, they can be regarded as a con-

.

Information ) -
on the Web S~ o~

immediate

but also unfiltered!

lobal
globd diverse

Antonia Wild, Andrei Ciortea, and Simon Mayer. Designing Social Machines for Tackling Online Disinformation, DecentWeb 2020.
W3C Web Annotation Working Group: https://www.w3.org/annotation/; W3C CredWeb Community Group: https://www.w3.org/community/credibility/
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* Hypermedia Multi-Agent Systems

« Use Cases
— Flexible Industrial Manufacturing
— Tackling Online Disinformation

« Challenges
— Efficient Interaction
— Accountable Interaction
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VS Universic St.Gallen Challenges: Efficient Interaction

"@context": [
"https://www.w3.0rg/2019/wot/td/v1",
{ "saref": "https://w3id.org/saref#" }

Hypermedia Environments:

Heterogeneous
Large, Unknown, Dynamic 1,

"id": "urn:dev:ops:32473-WoTLamp-1234",
"title": "MyLampThing",

"@type": "saref:LightSwitch",
"securityDefinitions": {"basic_sc": {

I(’(!E!II)[: "scheme": “basic",

arrive-and-operate o M
"security": ["basic_sc"],

"properties": {

Agents

— Other
Resources

Interaction Affordances:
observable properties,

;-

N observable events, and actions
Interact ---.IIIIIIIIIIIIIIII X
llllllEEEEEE:::::::. "actions": {
"EEEmaaag ) "toggle": {
.....-....-----......_. "@type": "saref:ToggleCommand",
"forms": [{
Thi D it "href": "https://mylamp.example.com/toggle"
ing Description H
5 of Thing A -
Matthias Kovatsch et al. (eds.), Web of Things (WoT) Architecture, W3C Recommendation, 2020. A TD Document for a lamp.
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{

"@context": [

OWL OntOIOgleS ﬂ "https://www.w3.0rg/2019/wot/td/v1",
]I

{ "saref": "https://w3id.org/saref#" }

"id": "urn:dev:ops:32473-WoTLamp-1234",
"title": "MyLampThing",
. . ——————_________—ar "@type": "saref:LightSwitch",
Concept defined in the SAREF ontology “securitybefinitions": {"basic_sc": {

"scheme": "basic",
"in": "header"

3},

"security": ["basic_sc"],

"properties": {

"status": {
“A device of category saref :Actuator that consists of a switch, rjjfzzgf':",,;i;ﬁ;i?”"ff“a“’”'
accomplishes the task saref :Lighting, performs the “forms": [{
saref:0OnOffFunction, measures the property saref:Light, g RS SR A
and can be found in the state saref:OnOffState. It can offer a 7
switch on service.” i
Smart Appliances REFerence (SAREF) ontology. ETSI. “gtype": "saref:ToggleCommand",
;:OrT;:éfff "https://mylamp.example.com/toggle"
. }

A TD Document for a lamp.
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VAN Universitat St.Gallen Challenges: Efficient Interaction
Affordance [Chemero & Turvey, 2007] —
An affordance is a behavior possibility that is a relationship between a) an ability of The DESIGN
an agent and b) a situation that includes agents and features of the environment. of EVERYDAY
THINGS

DON
NORMAN

about an affordance.

A perceivable cue or sign that can be interpreted meaningfully to reveal information ]

[ PUT /door HTTP/1.1 2
@ Host: myDoor.org
 AM | SUPPOSED TO
L) { state : ‘open’ } GO RIGHT? ‘.‘
290 z01-357 sl

€283

CHI 2022, New Orleans, US (Photo by Kenan Bektas)
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VS Universic St.Gallen Challenges: Efficient Interaction

Affordance [Chemero & Turvey, 2007] —

An affordance is a behavior possibility that is a relationship between a) an ability of The DESIGN

an agent and b) a situation that includes agents and features of the environment. of EVERYDAY
THINGS

DON
NORMAN

A perceivable cue or sign that can be interpreted meaningfully to reveal information
about an affordance.

@ Signifier
,o\ Signifier ( R Abilities I\';es;:'Ut.IOn
> g echanism
“ SIS Signifier Context 0O O

— Signifier Exposure
Signifier Mechanism | — || i Autonomous

Signifier e

’@—[—‘ \ J Signifier Agent

©~©

% Dynamic Personalization of Signifiers

Danai Vachtsevanou and Simon Mayer. Signifying Affordances for Effective Interaction of Agents on the Web, Dagstuhl Seminar 23081, Feb. 2023.
Danai Vachtsevanou, Andrei Ciortea, Simon Mayer, and Jérémy Lemée. Signifiers as a First-class Abstraction in Hypermedia Multi-Agent Systems. AAMAS 2023.
45
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(AAMAS 2023

Signifiers as a First-class Abstraction
in Hypermedia Multi-Agent Systems

Danai Vachtsevanou Andrei Ciortea
University of St. Gallen University of St. Gallen
St. Gallen, Switzerland St. Gallen, Switzerland
danai.vachtsevanou@unisg.ch andrei.ciortea@unisg.ch
Simon Mayer Jérémy Lemée
University of St. Gallen University of St. Gallen
St. Gallen, Switzerland St. Gallen, Switzerland
simon.mayer@unisg.ch jeremy.lemee@unisg.ch
ABSTRACT their reasoning and decision-making abilities by discovering and

exploiting affordances of Web resources towards achieving their

Hypermedia APIs enable the design of reusable hypermedia clients ’ 4
goals [8]. The prime mechanism for affordance discovery and ex-

that discover and exploit affordances on the Web., However, the

O\ Signifier

“ Signifier S|gn ifier Context 0O O
— Signifier Exposure
Signifier Mechanism | — || -0

Autonomous

Signifier o
’D—H \ J Signifier Agent
©~©
% Dynamic Personalization of Signifiers

Danai Vachtsevanou and Simon Mayer. Signifying Affordances for Effective Interaction of Agents on the Web, Dagstuhl Seminar 23081, Feb. 2023.
Danai Vachtsevanou, Andrei Ciortea, Simon Mayer, and Jérémy Lemée. Signifiers as a First-class Abstraction in Hypermedia Multi-Agent Systems. AAMAS 2023.

Signifier
Resolution
Mechanism

Abilities

1]
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* Hypermedia Multi-Agent Systems

« Use Cases
— Flexible Industrial Manufacturing
— Tackling Online Disinformation

« Challenges
— Efficient Interaction
— Accountable Interaction
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Accountability is the underpinning of regulation, which balances autonomy
— induced by law, agreements, contracts, etc.

- Autonomy as a relational notion

An entity X is autonomous from Y about &, where [Castelfranchi, 1993; Castelfranchi & Falcone, 2003]:
— X: the main entity whose autonomy is considered/evaluated

— @ a function/action/goal that must be realized or maintained by the main entity and on which
the autonomy is evaluated

— Y the secondary entity (human, artificial agent, environment, organization, etc.) with respect
to whom X should be considered autonomous given the specified function/action/goal ¢

- J

(“X is autonomous from (any) Y to achieve goal G”j _ _ — _
“Xis permitted/prohibitted/obliged by

organization Y to achieve goal G”

“X depends on Y to achieve goal G”
(and knows Y can help achieve goal G)

C. Castelfranchi. Guarantees for Autonomy in Cognitive Agent Architecture, ECAI, 1993.
C. Castelfranchi, R. Falcone. From Automaticity to Autonomy: The Frontier of Artificial Agents. In: Hexmoor H., Castelfranchi C., Falcone R. (eds) Agent Autonomy.
Multiagent Systems, Atrtificial Societies, and Simulated Organizations (International Book Series), vol 7, 2003.
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Organizations

Agents

Applicati
Environr

External
Environr

Sm

network node

JaCaMo Meta-Model [Boissier et al., 2013]

O. Boissier, R.H. Bordini, J.F. Hibner, A. Ricci, and A. Santi, Multi-agent oriented programming with JaCaMo, Science of Computer Programming, Volume 78, Issue 6, 2013.

art Diaspora 2023: Trust Al Workshop

Challenges: Accountable Interaction

Autonomy from:
— other agents (indepedence vs. interdependence)
— organizations (deontic autonomy)
— the environment (freedom from the environment)

Technology in Society 71 (2022) 102088

Contents lists available at ScienceDirect 1
ngdm
mn (l(l(‘\'y !
Technology in Society
)/
ELSEVIER journal homepage: www.elseviar.com/locate/techsoc | = |
m)

tor

Machine Capacity of Judgment: An interdisciplinary approach for making %
machine intelligence transparent to end-users

Aurelia Tamo-Larrieux ™"+, Andrei Ciortea”, Simon Mayer ”

 Maastricht University, the Netherlands
" University of St. Gallen, Switzerland

Transparent decision-making
for end-users

ARTICLE INFO

Keywords:

Machine Capacity of Judgment
Responsibility

Transparency

Agency

i gens Tracing responsibility
at Web-scale
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It is both timely and necessary to create thorough conceptual and
technological bridges between MAS and Web research.

Exciting research opportunities for designing usable,
transparent, and accountable MAS for the Web.
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Simon Mayer, Danai Vachtsevanou, Jérémy Lemée (University of St.Gallen)
Fabien Gandon (INRIA, Université Cote d'Azur, CNRS, I3S)

Olivier Boissier, Antoine Zimmermann (MINES Saint-Etienne)

Alessandro Ricci, Samuele Burattini (University of Bologna)

Thank you!

andrei.ciortea@unisg.ch

http://andreiciortea.ro

YW @andreiciortea
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https://freepik.com
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