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2. Context-awareness of the IoT

The goal of this approach is building preference models on-the-fly, i.e. preference mod-
els are created during operation of the system, and they are the result of users/inhabi-
tants’ behavior observations. Preference models are expressed in terms of temporal logic
formulas and can be dynamically changed during the system operation.
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Figure 2. A sample parking space as a graph structure

Let us consider a sample car park, c.f. Fig. 2. It consists of some entrance/exit gates,
and a number of identified parking spaces. To achieve the goal mentioned above, i.e. on-
the-fly preference models, we suggest to implement the following multi-agent system.
The world of things/objects is modeled using a graph structure, that glues the coopera-
tion of three types of agents into one system. Fig. 3 shows the whole agent world, i.e.
agents that operate in the smart environment. Existence of the following types of agents
is assumed:

1. A3 – agents also called decision agents, that permanently exist in the system and
whose primary aim is to prepare/compute preference-based decisions for a new
user/inhabitant entering the car park; these decisions are based on the gathered
knowledge expressed in terms of logical specifications which are prepared by
agents A2, decision agents can also modify knowledge, which is their secondary
aim, when they find that the newly observed behaviors include contradictions in
regard to the old behavior, i.e. knowledge expressed in (old) logical formulas,
and that elimination of the contradiction might be a result of the formal analysis
of logic formulas using, for example, the semantic tableaux method.

2. A2 – agents also called follower agents, that might temporarily exist in the system
and whose aim is to observe objects that appear in the smart environments and
build logical specifications considered as a set of temporal logic formulas that
express behaviors of newly observed users/inhabitants; the logical specification
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constitutes knowledge about user preferences and is built basing on information
form agents A1. They are generated when some event occurs.

3. A1 – agents also called reactive agents, or node agents, that exist permanently
in the system and whose aim is to operate in an individual node, gathering infor-
mation about users/inhabitants who reach this node in the IoT network; informa-
tion is obtained through sensors and combined with the identification (generally:
RFID, PDA devices, biometric data, image scanning and pattern recognition, and
others) of a user/inhabitant.

Graph layer
A1

A2

A3

Figure 3. The hierarchy of agents in a smart environment

The graph layer is defined as a labelled and attributed graph (abbrev. LA-graph)
defined below.

Definition 1 An LA-graph is a labelled and attributed digraph of the following form
G = (V,E,{labX ,attX}X=V,E), such that:

• V is a finite and nonempty set of vertices;
• E ⇢V ⇥V is a set of directed edges (arcs);
• labX : X ! LX are labeling functions for nodes (X = V ) and edges (X = E)

respectively, where LV ,LE are sets of node and edge labels;
• attX : X ! 2AX are attributing functions for nodes (X = V ) and edges (X = E)

respectively, where AV ,AE are sets of node and edge attributes.

The interpretation of labels and attributes in Definition 1 is as follows. A label l 2 L
unambiguously identifies a given vertex/edge, e.g. by assigning an unique name to an
object; an attribute a 2 A is some property of a vertex/edge. As stated in Definition 1,
one may assign a set of attributes to a given entity. It should be stressed that an attribute
a must not be confused with its value. Thus the notion of LA-graph may be compared
to a class definition. The graph analog of a class instance is an instantiated LA-graph,
defined below.

Definition 2 Let G = (V,E,{labX ,attX}X=V,E) be an LA-graph. An instantiation of G
is a triple Ĝ = (G,valV ,valE), where valX : X ⇥AX ! ΩX is an instantiating function
for nodes (X = V ) and edges (X = E) respectively. Ĝ will be also referred to as an
instantiated LA-graph (shortly, ILA-graph).

The mentioned idea will be explained using the example of the parking system. The
graph consists of only four types of nodes:

• node labelled by G – that describe a gateway to the parking,
• node labelled by R – that describe an road segment,
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ence decision is taken, and if p018 is free, then this parking area is suggested as the most
preferred one, otherwise p015 is suggested or, if it is not free, no suggestion is made.

Let us present rules for the A3 agents, which occupy the highest level in the hier-
archy of the agent activities, and whose purpose is to prepare preference decisions for a
user/inhabitant. Agents analyze knowledge about preferences expressed in terms of log-
ical formulas, which are produced by agents A2. The input for this analysis are logical
specification. The output are preference decisions prepared for a particular user/inhabi-
tant.
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Figure 4. The sample truth trees
Let us consider some cases to explain the presented ideas. Assume that the logical

specification for user oi contains a logical formula 2¬(g3), which means that the user
never entered gate g3. However, when at a certain time point user o i appears at g3, then
it provides the logical formula 2¬(g3)^g3 which might give the reasoning tree for the
semantic tableaux method shown in Fig. 4.a, c.f. closed branch (⇥), i.e. a contradiction.
Of course, this tree could be a part of a larger truth tree, which is omitted here to simplify
considerations. It follows that the logical specification should be modified by removing
formula 2¬(g3) from the initial specification, then a new formula which results from a
new event, entering gate g3, is to be added to the specification. Another case could refer
to a situation when user enters gate g2 and the logical specification contains formula
g2) 3p010, which means that if g2 is reached then sometime area p010 is reached. It
leads to the following formulas: g2^ (g2)3p010) =)3p010, or using the truth tree
Fig. 4.b, c.f. the open branch (�). The preference decision is the sample p010 parking
space, if it is free. The last case is the situation when a gate is reached and there exist
two (or more) different (sub-)formulas, i.e. g1^ ((g1)3p018)_ (g1)3p015)) =)
3p018_3p015, or using the truth tree Fig. 4.c, c.f. the open branches (�). It means that
both p018 and p015 are areas of preference. It also means that the last element of the
li triple, which is frequency r of a particular formula determining which parking area is
chosen as a preferred one, if it is free, i.e. the r element does not influence the formal
inference process but it supports the choice between open branches which are result of
an inference.

3. Conclusions

In this work we present an example of application of the IoT concept in a multi-agent
environment where the external knowledge is represented by a graph and the preference
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