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ABSTRACT
In this work I present the way of using an epistemic logic and the process of knowl-
edge verification in order to control and monitor the object in the given environment. 
The achievement of correct recognition of situations depends on the system knowl-
edge and how the system responds on the given issue. The aim is to describe and 
induce an example of using the logical or epistemic procedures.

1. Introduction
The world population age is always increasing. It is going to be one of the greatest 

challenges for the researchers and companies of the 21st century. The main problem 
of aging population is that people are not able to take care of themselves even in very 
simple and daily tasks. First mentioned smart house was in the early 1980s when the 
intelligent building concept was used. In the concept, the intelligent implementation 
of consumer electronic devices, electrical equipment, and security devices aiming for 
the automation of domestic tasks, easy communication, and human friendly control, 
as well as safety, was proposed. In the earlier development, the idea was oriented to 
build a smart house environment for ordinary non-disabled persons with the simple 
purpose of enhancing home comfort. [1] We can find many various solutions using 
classical mathematical logic in order to monitor or control the subject (person) and 
responds its needs in given environment. Epistemic logic is based on the knowledge 
and gained experience. I give a short review of epistemic logic and its possibility of use 
in ambient intelligence systems.
	 In case of ambient intelligence systems and verification of process it is necessary 
to obtain new knowledge during the running processes. Running process means to 
control and monitor the subject (occupant) in the environment. AI systems could ana-
lyze and recognize the conditions using logical procedures and avoid to involuntary 
situations in monitoring environment. Logical procedures and approaches can use the 
collected data from sensors, monitoring systems and suggest the solution or indicate 
any problem.

2. Epistemic logic definition
Swedish-Finnish philosopher G.H. von Wright was the first person who wrote about 
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epistemic logic in his book An Essay in Modal Logic 
[2]. 
	 Epistemic modifiers are hard to diversify from 
other kinds of modifiers. Expressions like “can” “im-
possible” or “cannot” are often used to formulate 
and define statements about our knowledge and 
understanding and not the statement what is pos-
sible independently of the knowledge [2]. 
S1: It is possible that the human in my environment needed 
to call an Emergency
	 The statement S1 is not saying that human need 
is objectively possible, but more or less the need 
of human is not excluded. If we knew the human 
needed to call the Emergency we would not say 
the statement S1. We would say:
S2: Human in my environment needed to call an Emer-
gency for sure
or
S3: I am absolutely sure human in my environment need-
ed to call an Emergency. 
	 Even thought we would distinguish when to say 
an objectively possible statement and when we 
say a statement within the meaning of our knowl-
edge. It is difficult to consider what kind of opera-
tors is adequate for the statements analysis, espe-
cially if it is not given the context. There is a lot of 
common analogies between epistemic and alethic 
operators. How nearly the epistemic sentential op-
erators behave the same as (or like) the alethic or 
modal?
Logic language
	 As any other logic the epistemic logic has its own 
language and semantics as well. Let define the ba-
sic principle:
	 Definition:
	 Epistemic logic knows new operators which are 
not allowed in modal logic. These operators are K 
(know), B (believe). It can be considered as modal 
logic extension. 
	 Let P be a non-empty set of propositional variables 
and ndM be given. The language L´ is the smallest 
superset of P such as:

, , , , , ,L K E C D L i ni& /J! ! #{ } { { } { { { {l l^ ^h h

	 These expressions we read as follows: Eφ ”every-
one knows φ”, Cφ “it is common knowledge that φ”, 
Dφ means “φ is distributed knowledge”. Epistemic 
logic gives new options for the system and the 
system can work on other alternatives and analyze 

these options deeply depending on the system 
performance.
	 KφA – subject (agent) φ knows that A is true.
	 We can define an operator P by this operator as 
follows:

P A K A, J J{ {

	 We read this as φ does not know ¬A, or what φ 
knows is not excluded what is possible in A.

3. Example of use
	 Three intelligent children are coming back home 
from the playground. Some of them have mud on 
their forehead. Mother wants to have a serious talk 
with the muddy children. None of them knows 
whether it is muddy or not, but they can all see the 
others and perceive if they are muddy. It is supposed 
to all children are perfect logical reasoners. Given is-
sue we know as the muddy children problem. We 
can see how the epistemic logic can be use to solve 
this issue.
	 Their mother said: At least one of you is muddy. If 
you are muddy, please come forward.
Three children (agents)
Operators (Kα, Kβ, Kγ, Bα, Bβ, Bγ)
Available relations (Rα, Rβ, Rγ)
Facts:
		  - a α is muddy
		  - b β is muddy
		  - c γ is muddy
Children do not know whether they are muddy
All agents know a 0  b 0  c (mother’s statement)

Fig. 1: All the possible statements and transfers among them. Ful-

filled circles representing muddy child. Real world is representing 

by orange color.
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Let say s = (1, 1, 0) is representing the real world. It means 
that number 1 represents muddy child forehead and 
number 0 (zero) the clean one.
1.	M, s :  ¬(K1m1 0  K1¬m1) (child 1 does not know whether 
it is muddy)
2.	M, s :  K1m2 0  K1¬m3 (child 1 knows that 2 is muddy 
and that 3 is not muddy)
3.	M, s :  K1(m2 /¬K2m2) 0  K1(¬m3 /  ¬K3¬m3) (child 1 
knows that 2 is muddy without knowing it and also that 3 
is mudless without knowing that)
4.	M, s :  K1(m1 "  (K2m1 /  K2K3m1)) (child 1 knows that, if 
he is muddy, 2 knows it, and that 2 then also knows that 3 
knows it.

4. Definition of Smart Home
	 Home will become a place with the health control 
center, control system of the most important and 
usual activities a human can do e. g. energy con-
trol, communication center, fun and entertainment 
programs. The nowadays situations is not prepared 
to offer these kinds of service, but housing industry 
prepares to include new technologies into the proj-
ects.
	 Computer companies’ sales are about $30 billion 
per year, whereas home construction and renova-
tion market is approaching $450 billion per year. 
Technology companies with the new technologies 
and research can enter the market and bring better 
approach, progress and enhancements. [3] 
	 If we look at the smart home system, we have to 
define some important integration. Smart Home is 
the term commonly used to define a place or house 
which uses various controlling and automated sys-
tems. There are many various technologies how to 
monitor and control the system, I would like to fo-
cus on the method how to work and analyze the 
final data which were obtained from the system. It 
means how to process and make a correct decision 
from the obtained data. First we need to look at the 
given environment, what is present and what is ex-
pected from the system. Every single home changes 
in time period and therefore we need to reflect this 
change and let the system learn the new changed 
environment. It will be extremely expensive to have 
prepared developer to control the surrounding envi-
ronment and react to any modification or variation, 
so it is better to let the system control it by itself.  If 
we look at the system which has to control, monitor 
and analyze every single change and modification, 
it would be reasonable to divide the system into the 

agents with the pre-compliance responsibility and 
functionality. We will consider the control system as 
multi-agent system used mentioned logic.

5. Using MAS
	 Multi-agent system seems to be great to simulate 
and analyze behavior of the individual systems. Each 
agent obtains new knowledge and feeds the knowl-
edge database by observing the interaction of other 
agents (as explained on the above example) and it 
is associated with a set of other agents. Communi-
cation among the agents has to be permanent in 
order to keep the information flow.

Fig. 2: Multi-agent model using 5 individual agents. Arrows repre-

senting the communication flow.
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Agent C Agent D 

Agent E 

	 All the agents would have access to the knowledge da-
tabase in order to prove obtained knowledge.

6. Decision problem
	 The system has to analyze the obtained data and 
makes a decision. The problem is with the possible 
alternatives.
Let A = {A

1
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} be a set of n alternatives, where 

n ≥ 2. 
Let C = {C
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} be a set of m criteria, where 

m ≥ 2.
	 The decision matrix is composed of n alternatives 
and m criteria.
Let D = [D

ij
]

nxm
 where D

ij
 the value of the alternative A
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correspondingly to criteria C
j
,

where i = 1, … n and j = 1, … m.
	 Each agent of specific simulation creates the set:
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	 AgP = {AgP
1
, … , AgP

k
}, where k ≥ 2 and represent-

ing the number of agents. Each AgP
k
 has defined a 

set of values for the criteria.
	 Let W
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i
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j

m
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=
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definition of a multi-criteria problem. 
	 There are several classifications of solving the 
problem and decision making models. [4]
	 The proposed scheme combines the ideas men-
tioned above and showing the phase of choosing 
correct alternative.

Fig. 3: Decision protocol showing how the agents choose the most 

preferred alternative.

 

 

End of 
Simulation 

Agents revise their knowledge database 
based on the previous interactions 

Agents evaluate the received arguments 

Agents exchange persuasive arguments 

Starting the 
simulation 

Each agent decide for the most suitable alternative 

Each agent analyze the different alternative 

Starting the simulation 

Group formulation 

7. The argument Exchange
	 Another problem can be found if we look at the 
process of argumentation among the agents. Dur-
ing this process the agents can exchange the fol-
lowing statements:
Requesting
Refusing
Accepting
Requesting with the argument

	 All these statements have some specifications 
which can be done in many various implementa-
tions, but I can illustrate a general proposal.
Requesting
If the agent receives this statement, it is requesting 
some performance from the other agent/s. It can be 
provided with the argument if needed. Each agent 
is trying to give the request to others and provide 
the best solution based on the obtained knowledge. 
Refusing
The agent is telling to the others that it cannot ac-
cept the requirement and it is going to refuse the 
request. In the figure below you can see the com-
munication between two agents and how they can 
exchange the arguments.
Accepting 
Acceptance of the request received from the other 
agent. Acceptance is a statement which means the 
agents found the solution of the issue in given en-
vironment.
	 In the figure 4 you can see only the communica-
tion between two agents. It is necessary note that 
the real argumentation alternate among many 
agents including other processes. You can find 
some arguments which the agents use to persuade 
the others about the right decision and it is based 
on the human negotiations. We can find various 
models of selection the arguments in order to per-
suade other agent, most of them came from the ac-
tual situation of the human world.[5] Here are the 
six arguments: threats; promise of the future reward 
and appeals; appeal to past reward; appeal to coun-
ter example; appeal to prevailing practice; appeal to 
self interest. The agent try to generate persuasive 
arguments used the knowledge database. 

8. Verification process
	 When the multi-agent systems reach the goal 
and final state the process of finding solution is 
over. Next step is to verify if the solution which has 
been found is correct and true. The verification of 
MAS is showing that the system is correct and has 
no mistakes based on the given conditions and re-
quirements. Currently, the most used and successful 
approach of verification of any computer system is 
model checking. Model checking is a set or collec-
tion of techniques which automatically analyzing 
the system and showing the system satisfaction. 
This method of verification was adopted as a stan-
dard procedure for the system quality.
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Fig. 4: Communication between two agents. Exchanging the ar-

guments.
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9. Conclusion
I have shown the basic principle of epistemic logic 
and explain the specific operators on logical ex-
ample of muddy children. The work pointing at 
the decision making problem, showing a decision 
protocol and describe the statements of exchang-
ing the arguments in communication among the 
agents in MAS. In final part I outline the concept 
of model checking as one of the most used tech-
nique for verification systems. Many researchers 
have been focused on the decision problem not 
just in MAS, but in other decision maker systems as 
well. Multi-agent systems are more and more used 
in intelligence applications and hardware realiza-
tions. Therefore I think it will be worth continuing 
to the deeper analyze and measuring the perfor-
mance of the reaching decisions, verification and 
satisfaction of the solution.
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