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Abstract— In this paper are presented the results of
research done in the system projecting and research for
making informed decisions based on the collaborative
Agents. The mathematical model used in this research had
the goal to find an optimal solution in a multi-objective
space by using methods inspired by nature, especially
evolutional calculus algorithms. The calculus system’s
architecture consists of two sets of Agents: agents that
deliver data and information, and Agents that consume it.
The interconnection process between Agents is a dynamic
one which evolves in time and it determines the topology of
the calculus system.
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. INTRODUCTION

There has been a tendency in applying the
optimization algorithms inspired by nature in the last
couple of years. The majority of these algorithms are
metaheuristic and are based on the swarm intelligence.
Swarm-intelligence-based algorithms such as cuckoo
search and firefly algorithms have been found to be very
efficient [1]. The analysis of different sources pictures an
evolution on all major algorithms inspired by nature, like
the algorithms of ants and bees, algorithms of lilacs,
fireflies and flowers, genetic algorithms, differential
evolution, harmonic search, swarm optimization on
particles and others. Also, there is a multitude of hybrid
methods, multi-objective optimization and methods to
cope with constraints.

Nowadays, distributed processing of data, based on
computer networks, is one of the most efficient methods
of using hardware and software resources. A computer
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network is a global integration of the different types of
devices which allow for sharing and access from any
distance: data, information, services and resources. A
significant interest was developed in Grid Computing [2],
which offers a detailed description of the modulus
operandi and distributed processing of data based on the
hierarchy with specific functions and communication
protocols.

As an example of implementation of calculus models
inspired by nature can be the loT (Internet of Things)
technology [3]. The 10T concept is used to define systems
based on autonomous communication of a set of physical
objects (sensors, devices for storing and processing date
and actuators), with auto-adaptation and auto-organization
capacities. The fields where 10T is applied are many, for
example: smart houses and cities, industrial automation
etc. 10T is based on the most innovative contributions in
the projection of protocols, technologies, apps and
architectures which imply intelligent things which are
interconnected or they interoperate with the purpose of
solving complex problems or multi-criterial optimization.
An important role in the 0T technology is the fact that
physical objects are virtualized which allows them to be
omitted in the process of projection and development of
applications.

Il.  COMPUTING ARCHITECTURE FOR DECISION

MAKING

The decision-making calculus system based on
collaborative Agents is a computing structure distributed
and made out of three base components (Figure 1): set of

Agents pUBLISH Agentz{PA,Vizl,_N} which delivers

data and information TOPIC:{topici,Vizl,_N} for
processing and decision-making; the set of Agents
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SUBSCRIBE Agent = {SA, Vj
the data and the information
TOPICS = {topicsj Vi =1_M} for generating a decision; a

Server MQTT Broker : List of TOPIC which gathers the
data and information from PUBLISH Agent and delivers
them to SUBSCRIBE Agent in relation to the list of

requests generated by it.
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Figure 1. Computing Diagram for Decision Making.

The functionality of the decision-making system is
based on the usage of the MQTT protocol [4] for the
development of 10T applications. The protocol has been
selected based on the analysis of the set of protocols on
an application level (HTTP, MQTT, DDS, XMPP.
AMQP and CoAP for IoT applications) shown in the
research number [5]
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Figure 2. The Architecture of the DeC|S|on Making
System.

To implement the decision-making system based on
the collaborative Agents, the devices ESP8266 have been

selected [6, 7] which give the user the following
resources: communication based on the 802.11 standard
b/g/n; integrated TCP/IP protocols; RAM and Flash
memory; SDIO 1.1/2.0, 12C, SPIl, UART, ADC and
PWM standard interfaces. All of these grant unlimited
possibilities for the user in the project development
process.

In Figure 2 is presented the architecture of the
decision-making system based on collaborative Agents
which is formed by a set of subnetworks SN distributed in
space and connected to the global network Internet [8-11,
16].

Every SN subnetwork includes: a Wireless Router
WR or a Wireless Access Point WAP which guarantee
access for all devices Wi-Fi to the global network
Internet . The set of mobile devices MD which will
visualize data and automatically generate commands or
through human operator’s intervention; the set of Agents

PUBLISH Agent ={PA,vi =1N|; and the set of Agents
SUBSCRIBE Agent = {SA]. Vi =1,_|v|} :

PUBLISH Agent is an autonomous computation

system and it includes: the set of sensors S which
perceive the state of the activity or event medium; and the
device ESP8266 which performs the acquisition,
processing, storing and communication algorithms in the
given subnetwork.

SUBSCRIBE Agent is an autonomous computation
system and it includes: the device ESP8266 which
communicates in the given subnetwork, stores and
processes data, and generates decisions in accordance with
the functionality algorithm; and the set of Actuators Act
which acts on the activity medium.

I1l. MATHEMATICAL MODEL FOR DECISION MAKING
SYSTEM

In the set S =RN is defined the distributed calculus
process :{PA,SA,X,Y,Q(X )} which assures

P:S—S, where:
:{PA,vi=1,_N} - the set of Agents which

delivers data and information for the calculus process and
works with other Agents;

SA:{SAj,ijl,_M} - the set of Agents that

consumes data and information to generate decisions and
works with other Agents;

PANSA=@ - the merging condition of the data and
information delivering functions and their consumption
for decision-making;
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X ={Xi,Vi=l,_N} - is the state of S, which is the

data and/or the information acquired from the set of
Sensors;
\'% :{yj Vi =l,_l\/|} - is the set of decisions to act upon

the space S;
Q(X) - is the function that ensures the optimization

condition of the solutions in the space S .
The functionality of the decision-making system is
defined by the mathematical model (1) [10, 11]:

Q(X ):minX/ErSnax(fj(X‘)),vj =1LM’,
g,(X)<0Vi=LN,
h,(X',y;)=0,vj=1M.

1)

where: min - searching for a minimal solution of the
function f inthe space S;

max - searching for a maximal solution of the
function f inthe space S;

f, - the optimization function solved by the Agent
SA;;

X1 - the set of values of state X of the space S
selected by the Agent | to solve the optimization
function and to generate decisions;

M ! - the number of values of state X involved in
data processing;

g, - the system of constraints in the space S ;

h, - the set of functions for decision-making calculus
y, based on the values of X .

In order to solve the quality function Q(X), which is

a multi-objective optimization process,

algorithm with N variables is being used.
The process of solving the constraint system

g,,vi=1,N is uniformly distributed between the set of

the genetic

Agents PA={PA.Vi=1,_N}- Solving the functions f,
and h,,vj =1,M is uniformly distributed between the set
of Agents SA:{SAj,Vj =1,_M}- The calculus process is
collaborative, which provides for the exchange of data

between Agents at every iteration of data processing.
The decision-making calculus y, vj=1,M is a

collaborative process between the set of agents SA and
PA . As a result of collaboration, self-reconfigurable
computing architectures are created [9, 12-15]. The
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configuration of the calculus architecture is determined
by the model (2):

H,(Y): X > X ,Vj=1M @

where H, (Y) is the function that evaluates the influence
of the status variables X on the decision y, . Using this
method, for every computation of the decision value y, a

virtual architecture for data processing is being created
which ensures the achievement of the mathematical model

D).
IV. CONCLUSION

The Multi-Agent collaborative calculus is an efficient
method of implementation of distributed and concurrent
data processing algorithms. Furthermore, the Multi-Agent
systems offer the possibility to implement calculus
models inspired by nature, especially swarm intelligence.

The decision-making system based on collaborative
Agents is an architecture for distributed calculus which
implements a data processing model which ensures multi-
objective optimal solution search. The architecture of the
calculus system is auto-reconfigurable based on a model
which determines the significance of the status values in
the decision-making process.

In order to implement the system were selected the
ESP8266 devices which ensure the creation of Wireless
networks and the implementation of the MQTT protocol
for the organization of data exchange between Agents
without considering their geolocation.
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