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The World Wide Web -

An Internet-scale hypermedia environment for people

foundation isaac asimov L) n

A ' 1 X mage

Foundation series - Wikipedia
https:/len. wikipedia orgiwikilFoundation_series v
a science fictic

Foundation: Isaac Asimov: 9780553293357: Amazon.com: Books
hitps://www.amazon.com/Foundation-isaac-Asimov/dp/0553293354 ~
Ships sold by Amazon com Foundation M Market Paperback - October 1, 1991 For

d years the Galactic Empire has ruled st
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The World Wide Web -

An Internet-scale hypermedia environment for people

Local guidance: hypermedia
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The World Wide Web -

An Internet-scale hypermedia environment for people

Cart Prooeed to checkout (1 item)

Local guidance: hypermedia
Global guidance: the buyer’s goal
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The W3C WoT -

An Internet-scale hypermedia environment for consumers

Ideally:
arrive-and-operate

Link
-

-

Other
| resources

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

An Internet-scale hypermedia environment for consumers

«Jm8

Link

0<ITDA || Other
\m | resources

Ideally:
arrive-and-operate

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

Local guidance: hypermedia
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The W3C WoT -

An Internet-scale hypermedia environment for consumers

Link
N

Ideally:
arrive-and-operate

-

Other
| resources

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

Local guidance: hypermedia

Global guidance: how can consumers achieve their tasks by navigating the hypermedia and
deciding autonomously among the various options presented to them at run time?
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The W3C WoT -

An Internet-scale hypermedia environment for consumers

Link
N

Ideally:
arrive-and-operate

\ D

Other
| resources

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

Local guidance: hypermedia

Global guidance: how can consumers achieve their tasks by navigating the hypermedia and
deciding autonomously among the various options presented to them at run time?

- research on multi-agent systems already provides solutions to design, program, debug, monitor,

regulate, and coordinate autonomous, goal-directed agents
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(Multi-)Agent Oriented Programming — (M)AOP

imperative => machines
Paradigms & functional => math
metaphors: object-oriented => world of objects

(multi-)agent oriented =>

Alessandro Ricci, Levels of Abstraction in Designing and Programming Systems of Cognitive Agents,
First Workshop on Hypermedia Multi-Agent Systems (HyperAgents 2019), co-located with TheWebConf 2019.
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(Multi-)Agent Oriented Programming — (M)AOP

imperative => machines
Paradigms & functional => math
metaphors: object-oriented => world of objects

(multi-)agent oriented => world of humans

Alessandro Ricci, Levels of Abstraction in Designing and Programming Systems of Cognitive Agents,
First Workshop on Hypermedia Multi-Agent Systems (HyperAgents 2019), co-located with TheWebConf 2019.
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(Multi-)Agent Oriented Programming — (M)AOP

imperative => machines
Paradigms & functional => math
metaphors: object-oriented => world of objects

(multi-)agent oriented => world of humans

Sensors

PERCEPTION

» task/goal-oriented
oeaison | *  pro-active + reactive
* decision making

ACTION

effectors / actuators

Alessandro Ricci, Levels of Abstraction in Designing and Programming Systems of Cognitive Agents,
First Workshop on Hypermedia Multi-Agent Systems (HyperAgents 2019), co-located with TheWebConf 2019.
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(Multi-)Agent Oriented Programming — (M)AOP

Paradigms &
metaphors:

imperative
functional
object-oriented

(multi-)agent oriented

Sensors

effectors / actuators

PERCEPTION

DECISION

ACTION
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=>

» task/goal-oriented R
» pro-active + reactive boro o 8
* decision making ‘

machines

math

world of objects
world of humans

VWILEY

programming

multi-agent systems |
in AgentSpeak ‘
wing jgson A ‘

[Bordini et al., 2007]

Alessandro Ricci, Levels of Abstraction in Designing and Programming Systems of Cognitive Agents,
First Workshop on Hypermedia Multi-Agent Systems (HyperAgents 2019), co-located with TheWebConf 2019.




(Multi-)Agent Oriented Programming — (M)AOP

Belief-Desire-Intention (BDI) model/architecture (‘80s):

- beliefs: information the agent holds about the world (can be out of date or inaccurate);
- desires: states of affairs the agent wishes to bring to the world (i.e., the agent’s goals)
- intentions: desires / goals the agent is committed to achieve

Alessandro Ricci, Levels of Abstraction in Designing and Programming Systems of Cognitive Agents,
HyperAgents 2019 workshop, co-located with TheWebConf 2019.
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(Multi-)Agent Oriented Programming — (M)AOP

Belief-Desire-Intention (BDI) model/architecture (‘80s):

- beliefs: information the agent holds about the world (can be out of date or inaccurate);
- desires: states of affairs the agent wishes to bring to the world (i.e., the agent’s goals)
- intentions: desires / goals the agent is committed to achieve

Plan
library

Beliefs

Interpreter Action output

Intentions

Desires

Procedural Reasoning
System (PRS) [Georgeff et al., 1987] Alessandro Ricci, Levels of Abstraction in Designing and Programming Systems of Cognitive Agents,

HyperAgents 2019 workshop, co-located with TheWebConf 2019.
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/* Initial beliefs and rules */
environment_iri("http://yggdrasill.andreiciortea.ro/environments/envl").

positive_color(@.409, 0.518).
negative_color(0.167, 0.04).

/* Initial goals */

Istart.

/* Plans for loading the environment */

+!start : environment_iri(EnvIRI) <-
.print("hello world, today I'll explore the environment: ", EnvIRI);
.wait(1000);
.send(node_manager, achieve, environment_loaded(EnvIRI)).

+environment_loaded(EnvIRI, WorkspaceNames) : true <-
.print("Environment loaded: ", EnvIRI).

/* Plans for discovering and using artifacts */

+artifact_available("emas.EventGeneratorArtifact"”, ArtifactName, WorkspaceName) : true <-
.print("An event generator artifact is available in workspace: ", WorkspaceName);
joinWorkspace(WorkspaceName, WorkspaceArtId);
focusWhenAvailable(ArtifactName).

+artifact_available("emas.HueArtifact”, ArtifactName, WorkspaceName) : true <-
.print("A Philis Hue light bulb artifact is available in workspace: ", WorkspaceName);
joinWorkspace(WorkspaceName, WorkspaceArtId);
focusWhenAvailable(ArtifactName).

+thing_artifact_available(ArtifactIRI, ArtifactName, WorkspaceName) : true <-
.print("A thing artifact is available: " , ArtifactIRI);
joinWorkspace(WorkspaceName, WorkspaceArtId);
focusWhenAvailable(ArtifactName).

/* Plans for handling positive and negative events */

+event("positive™)

: thing_artifact_available(_, ArtifactName, WorkspaceName) &
hasAction(_,"http://iotschema.org/SwitchOn")[artifact_name(_, ArtifactName)]
& hasAction(_,"http://iotschema.org/SwitchOff")[artifact_name(_, ArtifactName)]
& hasAction(_,"http://iotschema.org/SetColor")[artifact_name(_, ArtifactName)]

<-

.print("There is a positive event and I can turn on a green light via a thing: ", ArtifactName);

joinWorkspace(WorkspaceName, WorkspaceArtId);

?positive_color(CIEx, CIEy);

Ithing_colored_light_notification(ArtifactName, CIEx, CIEy).



(Multi-)Agent Oriented Programming — (M)AOP

Belief-Desire-Intention (BDI) model/architecture (‘80s):

- beliefs: information the agent holds about the world (can be out of date or inaccurate);
- desires: states of affairs the agent wishes to bring to the world (i.e., the agent’s goals)
- intentions: desires / goals the agent is committed to achieve

Developers can then program agents to deliberate about
their mental states (and to modify them as needed)

- e.g., suspend an intention to react to an event, drop an
intention if it becomes unachievable, etc.

Plan
library

Beliefs

Action output

Interpreter

Intentions

Desires

Procedural Reasoning
System (PRS) [Georgeff et al., 1987] Alessandro Ricci, Levels of Abstraction in Designing and Programming Systems of Cognitive Agents,

HyperAgents 2019 workshop, co-located with TheWebConf 2019.
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(Multi-)Agent Oriented Programming — (M)AOP

Belief-Desire-Intention (BDI) model/architecture (‘80s):

- beliefs: information the agent holds about the world (can be out of date or inaccurate);
- desires: states of affairs the agent wishes to bring to the world (i.e., the agent’s goals)
- intentions: desires / goals the agent is committed to achieve

Developers can then program agents to deliberate about
their mental states (and to modify them as needed)

- e.g., suspend an intention to react to an event, drop an
intention if it becomes unachievable, etc.

Plan

Beliefs library

Action output

Interpreter

MAORP: integrates design & programming dimensions
and abstractions in addition to agents [Boissier et al., 2013]
- environment and organization dimensions

- separation of concerns (away from everything-is-an-agent)

Intentions

Desires

Procedural Reasoning

System (PRS) [Georgeff et al., 1987] Alessandro Ricci, Levels of Abstraction in Designing and Programming Systems of Cognitive Agents,
HyperAgents 2019 workshop, co-located with TheWebConf 2019.
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Hypermedia Multi-Agent Systems

Socio-technical systems composed of people and autonomous agents situated and
interacting in a shared hypermedia environment that is distributed across the open Web.

O 9 e
ﬁ \\ O Affordances:

Turn On / Off

ll Change color
’—

Distributed hypermedia environment
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Hypermedia Multi-Agent Systems

Socio-technical systems composed of people and autonomous agents situated and
interacting in a shared hypermedia environment that is distributed across the open Web.

C \ 9 O
ni ar \ Affordances:
.! E i ", ] \

Turn On / Off
ll Change color

Interaction
Prot. Spec.

Distributed hypermedia environment
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Hypermedia Multi-Agent Systems

Socio-technical systems composed of people and autonomous agents situated and
interacting in a shared hypermedia environment that is distributed across the open Web.

C \ 9 O
ni ar \ Affordances:
.! E i ", ] \

Turn On / Off
ll Change color

Interaction
Prot. Spec.

Distributed hypermedia environment
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Hypermedia Multi-Agent Systems

Socio-technical systems composed of people and autonomous agents situated and
interacting in a shared hypermedia environment that is distributed across the open Web.

O Q “) O

)
. ! Ei \ Aff
A ordances:
e - R Turn On / Off
proposes!
M l] Change color
: b, |

Interaction
Prot. Spec.

Policies

Org. Spec.

Distributed hypermedia environment
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Hypermedia Multi-Agent Systems

Socio-technical systems composed of people and autonomous agents situated and
interacting in a shared hypermedia environment that is distributed across the open Web.
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)
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A ordances:

_propose? \ p Turn On / Off

M Change color

Interaction
Prot. Spec.

Policies

Org. Spec.

Distributed hypermedia environment
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Hypermedia Multi-Agent Systems

Socio-technical systems composed of people and autonomous agents situated and
interacting in a shared hypermedia environment that is distributed across the open Web.

TAUR
@ vos\mesga%e »7@ PUr
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'! Ei 2007, S Affordances:
' 5 p Ok - Turn On / Off
propose§!
?‘E@ Change color

Interaction
Prot. Spec.

Policies

rg. Spec.

Distributed hypermedia environment
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Hypermedia Multi-Agent Systems

Socio-technical systems composed of people and autonomous agents situated and
interacting in a shared hypermedia environment that is distributed across the open Web.

Key point: design & program hypermedia environments for autonomous agents

(4
@ ((\QS Phe 7 @
- <€ - - /!eW State
ﬂ R, ~===. Affordances:
\\1,& -~ ordances:
' | o, Turn On / Off
proposes ! \ //
(g reject \C} Change color

Interaction
Prot. Spec.

Policies

O
Org. Spec.

Distributed hypermedia environment
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Agent-based Manufacturing for the WOoT (ciortea et al., 2018

Manufacturing lines are expensive to design and build
... and hard to reuse or reconfigure for new (generations of) products!
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Agent-based Manufacturing for the WOoT (ciortea et al., 2018

Manufacturing lines are expensive to design and build
... and hard to reuse or reconfigure for new (generations of) products!

How to design manufacturing systems that can be repurposed on the fly?
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Agent-based Manufacturing for the WOoT (ciortea et al., 2018

Manufacturing lines are expensive to design and build
... and hard to reuse or reconfigure for new (generations of) products!

How to design manufacturing systems that can be repurposed on the fly?

0% Production engineers configure and program the system.

Autonomy Lever
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Agent-based Manufacturing for the WOoT (ciortea et al., 2018

Manufacturing lines are expensive to design and build
... and hard to reuse or reconfigure for new (generations of) products!

How to design manufacturing systems that can be repurposed on the fly?

100% Production engineers provide a specification of the desired product,
(1) . . . .
the system infers a production plan (if possible).

0% Production engineers configure and program the system.

Autonomy Lever
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Agent-based Manufacturing for the WOoT (ciortea et al., 2018

Manufacturing lines are expensive to design and build
... and hard to reuse or reconfigure for new (generations of) products!

How to design manufacturing systems that can be repurposed on the fly?

100% Production engineers provide a specification of the desired product,

the system infers a production plan (if possible).
A

Production engineers provide parts of the solution, the system fills
in the blanks.

v
0% Production engineers configure and program the system.

Autonomy Lever
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Deployment Scenario: Furniture Assembly

| can assemble
parts!

‘M

anufacturing goal:\

| can deliver
medium-sized
parts!

| can deliver
small-sized parts!

Universal Robotics UR5
(via ROS [Quigley et al., 09])

Sipaony Fischertechnik ROBO TX
s (via Siemens S7-300 PLC)
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Agent-based Manufacturing for the WOoT (ciortea et al., 2018

Programming dimensions: Agent & Environment & Organization
(see JaCaMo meta-model [Boissier et al., 2013])

Role
Enactment

O Agent

Artifact
Manual
Artifact
Usage

i Workspace

Artifact

AGENT ENVIRONMENT

WoT ENVIRONMENT
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Agent-based Manufacturing for the WOoT (ciortea et al., 2018

Programming dimensions: Agent & Environment & Organization
(see JaCaMo meta-model [Boissier et al., 2013])

Role
Enactment

- ij-_i__—‘ """" "/—,7——-—--“"‘:. ------- .—T_-__‘_“.‘ O Agent

* Artifact

| Manual
S geeypeasass /l_l : Artifact
Usage

1 Workspace

________ rf Artifact

AGENT ENVIRONMENT ) K- - ‘
MENT WoT TD

WoT ENVIRONMENT osoUros
Semantic descriptions Directory WoT

® .
of devices \ © devices
\&f > Dynamic discovery of

Web-enabled industrial devices industrial devices
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Agent-based Manufacturing for the WOoT (ciortea et al., 2018

Programming dimensions: Agent & Environment & Organization
(see JaCaMo meta-model [Boissier et al., 2013])

- -

. . ] ] . Role
Plan libraries + Manufacturing Organization ST Enactment
automated planning™>~-..__~~©
~ _.-—'Semantic deseriptions -~ ® Agent
(") of artifacts (™) T Artifact
\ } o ifac
AGENTS - _ ‘( ) ) Manual
s A NA—L ¥ o Artifact
7= ¥ qﬁ Usage
Gt | 17 I Workspace
i i, SOl rf Artifact
AGENT ENVIRONMENT .
- - - - - — WoT TD
WoT ENVIRONMENT Resource Wor
Semantic descriptions Directory ® ol
of devices ~— @ devices
<P _> Dynamic discovery of
Web-enabled industrial devices industrial devices
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Agent-based Manufacturing for the WOoT (ciortea et al., 2018

Programming dimensions: Agent & Environment & Organization

(see JaCaMo meta-model [Boissier et al., 2013]) Hot-deployment of
o sessEESERSSSERRIEEEERSSSrazasooo. manufacturing specifications
hrari . . Role
Plan libraries + ¢ Manufacturing Organization g Enactment
automated planning™--.____
_--Semantic descriptions =~ ©  Agent
™ (") of artifacts () T Artitact
\ » Y ITfac
AGENJ-S . ~ l ~ ~ Manual
s A L\ geeyprssssns /l—l ' o - Artifact
B — IR s Usage
: o0l Ll Oop? :
| S i ff i i 1 Workspace
i i, SOl rf Artifact
AGENT ENVIRONMENT [ .
- - - - - — WoT TD
WoT ENVIRONMENT Resource Wor
Semantic descriptions Directory ® ol
of devices S~ ©  devices
<P _> Dynamic discovery of
Web-enabled industrial devices industrial devices
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Agent-based Manufacturing for the WOoT (ciortea et al., 2018

Programming dimensions: Agent & Environment & Organization

(see JaCaMo meta-model [Boissier et al., 2013]) Hot-deployment of
o sessEESERSSSERRIEEEERSSSrazasooo. manufacturing specifications

. : ] o Role
Plan libraries + Manufacturlng Organization ST Enactment
automated planning™--__ IS
~~Semantic descrrp’ﬂons*"":‘ ¢ Agent
T ey “of artifacts ) .
N n  Artifact
AGENTS » Manual
- - - M -
s A LT NA geeypunsssess A Artifact
= i % & 7 Usage
i i = - :i Coiz /f_@ i 3 \arkenace
o § ' 4 « high modularity:
AGENT ENVIRONME _[ => reusability of components
WoT ENVIRONMENT = system evolvability (components.can be developed,
2 deployed, and can evolve at runtime)
Semantic descriptions . . .
of devices « automated planning + high-level programming:

= facilitates repurposing

Web-enable\
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BDI Agents & Planning for Web-based Artifacts

E.g., using N3 rules' to
describe artifact operations:

1t )

=>
{

[ a cartago:Operation ;
cartago:hasName "move" ;
cartago:hasinputParameters [

a rdf:Seq ;

rdf:_1 "?x"Axsd:decimal ;
rdf:_2 "?y"Axsd:decimal ;
rdf: 3 "?z"Axsd:decimal ;
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Interpreter

o)

artifact
functionality

Thttps://www.w3.org/TeamSubmission/n3/




BDI Agents & Planning for Web-based Artifacts

E.g., using N3 rules' to

describe artifact operations:

(1 )
}
=>
{
[ a cartago:Operation ;
cartago:hasName "move" ;
cartago:hasinputParameters [
a rdf:Seq ;
rdf:_1 "?x"Axsd:decimal ;
rdf:_2 "?y"Axsd:decimal ;
rdf: 3 "?z"Axsd:decimal ;
]
].
- y,
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5 P

Interpreter

o)

artifact
functionality

How?
device
interface

3.

E.g., using WoT TDs?:

» Uniform interface:
— observable properties
— observable events

— actions

Artifact model <= WoT TD model:
=> conceptual bridge between MAS

and WoT systems
[Ciortea et al., WoT 2017]

Thttps://www.w3.org/TeamSubmission/n3/
2https://www.w3.org/TR/wot-thing-description/




BDI Agents & Planning for Web-based Artifacts

Achieve goal by selecting
and executing a plan from
the plan library.
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BDI Agents & Planning for Web-based Artifacts

Achieve goal by selecting
and executing a plan from
the plan library.

If there is no applicable plan,
2 synthesize a plan using the
manuals of known artifacts.
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BDI Agents & Planning for Web-based Artifacts

Achieve goal by selecting

@ 1 and executing a plan from
the plan library.

Interpreter

o)

If there is no applicable plan,
2 synthesize a plan using the

manuals of known artifacts.

If a solution is found, translate the
3 synthesized plan to AgentSpeak and
add it to the plan library.
(:!deliver_padl : true <- )

move (-3, 20, 14) [artifact name(“plc arm")];
grablartifact name (“plc arm")];
move (20, -3, 14) [artifact name (“plc arm")];

releaselartifact name (“plc arm")];
ﬂ. \_ _J
<L,
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BDI Agents & Planning for Web-based Artifacts

Achieve goal by selecting

@ 1 and executing a plan from
the plan library.

Interpreter

o)

If there is no applicable plan,
2 synthesize a plan using the

manuals of known artifacts.

If a solution is found, translate the
3 synthesized plan to AgentSpeak and
add it to the plan library.

f/:' Y

C!deliver_padl : true <- )

move (-3, 20, 14) [artifact name(“plc arm")];

N grablartifact name (“plc arm")];
. D move (20, -3, 14) [artifact name ("plc arm")];
Retry tO aChIeve goal by releaselartifact name (”plgiarm") 17 a
executing the synthesized plan. ﬂ - J
-y
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BDI Agents & Planning for Web-based Artifacts

Achieve goal by selecting

@ 1 and executing a plan from
the plan library.

Interpreter

o)

If there is no applicable plan,
2 synthesize a plan using the

manuals of known artifacts.

If a solution is found, translate the
3 synthesized plan to AgentSpeak and
add it to the plan library.

=
C!deliver_padl : true <- )
move (-3, 20, 14) [artifact name(“plc arm")];
grablartifact name (“plc arm")];
. D move (20, -3, 14) [artifact name (“plc arm")];
Retry to achieve 908| by releaselartifact name (“plc arm")];
executing the synthesized plan. ﬂ - J
P \ Engineers can inspect and edit

inferred plans in AgentSpeak
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Manufacturing Organizations

\
\

" [MOISE organizations [Hiibner et al., 20077 | ™
(described in RDF [zarafin et al., 2012])

s
~ -
~ -
~o _ -

AGENT ENVIRONMENT

__TD -

WoT ENVIRONMENT
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Role
Enactment

O  Agent
Artifact
Manual

Artifact
Usage

1 Workspace

f’ Artifact

WoT TD

WoT
@ devices




Manufacturing Organizations: Furniture Assembly

Mission: MOISE [Hubner et al, 07] organizational specification:
Mount pads on legs *  functional dimension: one manufacturing scheme
Attach legs to stool » structural dimension: one group (with 3 roles)
assembly worker, leg transporter, pad transporter
q * normative dimension: norms assigning missions to roles
m3
assemble_stool Missions:
m1: deliver_legs
stool_assembly_scheme m2: deliver_pads
m3: make_stool
m3
t_leg1l ms
mount_ e mount_leg4
Q;Iiver leg1 \ m3 m1 \ m3
-y ) - attach_leg1 deliver_leg4 attach_leg4
. . . . . . m 2
M|§S|on. M|§S|on. deliver_pad m3 Qeliver badd s
Deliver legs Deliver pads mount_pad - mount_pad4

Goal decomposition —> split up the search space
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Manufacturing Organizations: Furniture Assembly

Mission: MOISE [Hubner et al, 07] organizational specification:
Mount pads on legs *  functional dimension: one manufacturing scheme
Attach legs to stool » structural dimension: one group (with 3 roles)
assembly worker, leg transporter, pad transporter
q * normative dimension: norms assigning missions to roles
m3
assemble_stool Missions:
Sequence =———> m1: deliver_legs
stool_assembly_scheme m2: deliver_pads
m3: make_stool
m3
t_leg1l ms
mount_ e mount_leg4
Q;Iiver leg1 \ m3 m1 \ m3
-y ) - attach_leg1 deliver_leg4 attach_leg4
. . . . . . m 2
M|§S|on. M|§S|on. deliver_pad m3 Qeliver badd s
Deliver legs Deliver pads mount_pad - mount_pad4

Goal decomposition —> split up the search space
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Manufacturing Organizations: Probing (“git diff”)

Stool with 4 legs

Manufacturing group:
assembly worker, leg transporter

Manufacturing scheme:

m2  Missions:
assemble_stool  m1: deliver_legs

m2: make_stool

mount _leg1 mount Ieg4
m1 // m1 ///
deliver_leg1 deliver_leg4
m2 m2
attach_leg1 attach_leg4

Stool with 4 padded legs

Manufacturing group:
assembly worker, leg transporter,

pad transporter
Manufacturing scheme:

m3 Missions:
assemble_stool  m1: deliver_legs
m2: deliver_pads
m3: make_stool

m3 m3
mount_leg1 ce mount_leg4

m1 // m1 ///

deliver_leg1 deliver_le
m3

m3
attach_leg1 attach_leg4
m2 m2

deliver_padi m3 deliver_pad4 m3
mount_pad1 mount_pad4
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Demo video:
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Autonomy in the WoT: Challenges & Opportunities

B THEWEB

VHY" CONFERENCE

First Workshop on Hypermedia Multi-Agent Systems

San Francisco, May 13

http://hyperagents.org Y @hyperagents Weaving a Web for People and Artificial Agents
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Autonomy in the WoT: Challenges & Opportunities

* |nteraction as a first-class abstraction

— W3C WoT TD, Hydra, etc. pave the way for declarative specifications of
interactions on the Web
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Autonomy in the WoT: Challenges & Opportunities

* |nteraction as a first-class abstraction

— W3C WoT TD, Hydra, etc. pave the way for declarative specifications of
interactions on the Web

“‘Hypertext does not need to be HTML on a browser. Machines can follow links
when they understand the data format and relationship types.”

“(...), then automated agents can traverse these applications almost as well as any
human. There are plenty of examples in the linked data communities. (...) and thus
we can design the protocols to support both machine and human-driven
applications by following the same architectural style.”

Roy Fielding, 2008

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

Exploiting Interaction Affordances: On Engineering Autonomous Systems for the Web of Things



Autonomy in the WoT: Challenges & Opportunities

* |nteraction as a first-class abstraction

— W3C WoT TD, Hydra, etc. pave the way for declarative specifications of
interactions on the Web

— Declarative specification and enactment of interactions has been studied to large
extent in MAS research (e.g., see [Baldoni et al., 2018; Chopra and Singh, 2016])
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Autonomy in the WoT: Challenges & Opportunities

* |nteraction as a first-class abstraction

— W3C WoT TD, Hydra, etc. pave the way for declarative specifications of
interactions on the Web

— Declarative specification and enactment of interactions has been studied to large
extent in MAS research (e.g., see [Baldoni et al., 2018; Chopra and Singh, 2016])

* Regulation as a first-class abstraction
— data licensing policies, terms of service, API rate limiting, etc.?
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Conclusions

The introduction of interaction affordances is an important step in
the evolution of the Web: it supports and motivates autonomous agents on the Web
(cf. original Semantic Web vision [Berners-Lee et al., 2001]).

All the elements required to design and deploy Hypermedia Multi-Agent Systems
are already available.
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Thank youl!

andrei.ciortea@unisg.ch
Y @andreiciortea
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S. Mayer, A. Ciortea, A. Ricci, M. I. Robles, M. Kovatsch: Hypermedia to Connect them All — Autonomous Hypermedia
Agents and Socio-Technical Interactions, Internet Technology Letters, 2019

A. Ciortea, S. Mayer, F. Michahelles: Repurposing Manufacturing Lines On-the-fly with MAS for the WoT, AAMAS 2018
A. Ciortea, O. Boissier, A. Ricci: Engineering World-Wide Multi-Agent Systems with Hypermedia, EMAS 2018
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