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Basic idea of wise objects Wise objects

Wise objects

To begin with

The first idea was to create an object that could learn by itself about itself to
moderate attention from the end-users [8] [7] (Calm technology).

Currently, the wise object:

Gets knowledge about its capabilities.

Gets knowledge about its use.

Analyses its knowledge to generate new one.

Reacts according to its knowledge.
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Basic idea of wise objects Wise objects

Wise objects
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Figure 1: WO respects the notion of MAPE-K to ensure adaptability
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Basic idea of wise objects Wise objects from the conceptual view?

Conceptual view [1]

Figure 2: Different states of wise object

Lacks

How to make a wise object able to communicate with humans?

What are the limits of such an object?
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IOSTS for humans to machines communication Why using an IOSTS?

Why using an IOSTS?

In oracle or controller synthesis, IOSTS graphs are often used to model the
behaviour of systems, and as this type of graph is conceptually understandable
by humans, it has semantics.

Definition 1 (IOSTS).

An IOSTS automaton is a syntax that allows finite descriptions of infinite tran-
sition systems [4] [3].
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〈 Closed,up?(step),True,height:=height+step,Open 〉
up?(step)

True
height := height + step

down?(step)
True
NOP

up?(step)
True

height := min(height + step, 100)
down?(step)
step ≥ height
height := 0

Closed Open

IOSTS

down?(step)
step < height 

height := height - step

step  ]0,100]ϵ

height  [0, 100]ϵ

height = 0 height  ]0, 100]ϵ

Figure 3: IOSTS representation of a roller shutter
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Problematic How to add semantics to the STG graph using the IOSTSe?

Problematic diagram

22

Knowledge

Represented as an 
STG

Semantic
Problem

Semantic

Starting point Target

The object can communicate 
with human

Problem
atic diagram

: Toward awareness

How to add the 
semantic to the 

STG graph

Where can we find the meaning of those 
information (STG)?

R
ep

re
se

nt
ed

Where ?

Giving the wise 
object a sort of 
human logic 

=
semantic

Figure 4: From wise object knowledge to human semantics1.

1Semantic is the meaning given to something so that it can be understood by humans as mentioned in [2].
This definition also applies to objects/devices, as semantic is used to communicate with humans.
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Towards the solution How to link the two representations?

How to link the two representations?

Proposal

Extend the generated knowledge (STG)
with the conceptual knowledge (IOSTS)
using a matching algorithm based on
graph morphism.

up?(step)
True

height := height + step
down?(step)

True
NOP

up?(step)
True

height := min(height + step, 100)

down?(step)
step ≥ height
height := 0

Closed Open

IOSTS

down?(step)
step < height 

height := height - step

step  ]0,100]ϵ

height  [0, 100]ϵ

height = 0 height  ]0, 100]ϵ

0
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close()
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)

close()

STG

Figure 5: Two representations of
knowledge
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Towards the solution Approach

Algorithm: Based on the concept of graph morphism

Uniqueness of localities

∀q, q′ ∈ Q, dom(q, xe)∩dom(q′, xe) = ∅.

Variable matching

∃!xe ∈ X,∃!atte ∈ A|xe ≡ atte,
xe ≡ atte ⇔ Dom(atte) ⊆ Dom(xe).

States matching

∀vi ∈ V,∃!qj ∈ Q
valuei,e ∈ dom(qj , xe) ⇔ vi =⇒ qj .

up?(step)
True

height := height + step
down?(step)

True
NOP

up?(step)
True

height := min(height + step, 100)

down?(step)
step ≥ height
height := 0

Closed Open

IOSTS

down?(step)
step < height 

height := height - step

step  ]0,100]ϵ

height  [0, 100]ϵ

height = 0 height  ]0, 100]ϵ
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level = 0
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close()

ope
n()

open()
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level = 100

open()

clo
se(
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close()
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Figure 6: Two representations of
knowledge
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Current/Future work Many variables approach

Current work: Many variables approach
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Figure 7: How can the matching algorithm be improved to take into account many
variables?
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Current work: Many variables approach
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Figure 8: level ≡ height; orientation ≡ angle
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Towards a Semantic Model for Wise Systems
Graph Matching Algorithm

Thank you
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Towards a contextual approach

Future work: Ontology & Knowledge graph

I propose to link the graph matching result with one of the four generality level2

of ontology3 levels in order to contextualize the result.

Definition 2 (Ontology).

An ontology is an explicit specification of a conceptualization. The term is bor-
rowed from philosophy, where an Ontology is a systematic account of Existence.
For artificial intelligence systems, what exists is that which can be represented.

- Thomas R. Gruber 1993 [5]

How to link the result of the graph matching algorithm with the ontology
to contextualize it?

Which of the four generality levels of ontology should be used [6]?

2Four generality levels of ontologies: Domain ontologies, Generic ontologies, Application ontologies and
Representational ontologies

3Definition 2
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