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Outline

Viewing the Web of Things as a Graph to capture Complex systems environments
Starting points :

REST (HATEOAS) graph of WoT nodes as hyperlinked resources

Graph nodes as Digital Twins of connected devices and non-connected things

Structural composition graphs as Digital Twins of Cyber-Physical Systems and Systems of
Systems

Property graphs as relevant meta-model for CPSS /WoT graph
Links in the graph match physical connections, are not purely informational abstractions
CPSS structural graph have an « analog » semantics of their own

System composition as an overlay property graph

Semantic referencing 1s a complementary overlay RDF graph




Wiewing the WoT as a graph

World Wide Web

The WorldWideWeb (W3) is a wide-arca hypermedia information retrieval initiative aiming to give universal
access to a large universe of documents.

Everything there is oaline about W3 is linked directly or indirectly 10 this document, including an ex;
summary of the peoject, Mailing lists, Policy . November's W3 news , Frequently Asked Questioas .

What's out 2 "
Fr O m . m..f@ms onfRe information. subjests . W3 servers, ctc “n
Help
° on the Brew u are usffly
Software Products

Alist of W3 project components and their current state. (¢.g. Line Mode X11 Viola . NeXTStep .
Tools . Mail robot . Library )

Details of protocols, formats, program internals etc
Paper documentation on W3 and references.

Alist of some people involved in the project.
A summary of the history of the project,
How can Lhelp 7
1f you would like 10 support the web.

in
Getting the code by anonymous TP , etc.

“@context”: [“http://w3c.github.io/wot/w3c-wot-td-context.jsonld"],
“@type™: [“Thing"],

"name": “MyLampThing",

“interaction”: [

{

ROFS:SubClassOf
ROFup

[“Property”],

“status”,

“outputData™: {"type™: “string"},

"writable”: false,

“link": [{
“"href": “coaps://mylamp.example.com:5683/status”,
“"mediaType": "application/json™

From :

["Action”],
toggle”,
“link": [{

"href": "coaps://mylamp.exanple.com:5683/toggle”,

“mediaType”: “application/json”

H

[“Event"],
“overheating”,
"outputData™: {"type": "string"},




hyperlinks (hypermedia controls) between thing resources make
up graph

nodes as Digital Twins of connected devices and non-connected
entities

structural CPS description as a graph and digital twin at system
level



Simple CPS graph example
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System composition as overlay graph
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Representing nested
Cyber-Physical Systems of Systems

Capturing different system composition levels in complex environments

¢ the building is inside the city, but building entities are not directly city entities

¢ the apartment is inside the building, but home entities are not directly building entities
Distinguish different views of same physical « plant »

¢ Supports management of privacy, security & legal ownership issues with corresponding data
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Semantic referencing (knowledge graph proper) as an overlay
on CPSS graph
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thoroughfare parking

subClassOf structure
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Characterizing « systems of systems »

A system of systems is the aggregation of multiple subsystems which:




Top-down vs bottom-up composition
for classical (non-distributed) systems
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“Apartment is inherent part of Building




Top-down vs bottom-up composition for
(distributed) systems of systems
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_omplementary Example :

sraph for sharing & interlinking information
yetween 3 smart city operators 2> flattened view
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Complementary Example :
zraph for sharing & interlinking information

setween 3 smart city operators, viewed at the graph composition level -
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Core ETSI CIM NGSI-LD Information model
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Property Graph Grounding [Core meta-model]
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