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Abstract. The multi-agent approach has been proposed in the literature as a so-
lution for data gathering, and routing in Wireless Sensor Networks (WSNs). In 
these propositions, the knowledge of an agent is generally limited to a single 
parameter such as the energy of the sensor node and/or to the address of its next 
hop in a routing protocol proposition. In this paper, we propose a strategy for 
the agent to make a more appropriate decision to cooperate or not in a data 
gathering session. This strategy uses, in addition to the energy of the node, sev-
eral parameters from the local view of the agent as the position of the node 
within the network, the network density, and the information importance de-
gree. Through successive simulations, this strategy has proved its ability to 
manage cleverly the power consumption of the sensor nodes and hence to ex-
tend the WSN life time.  

Keywords: Wireless sensor networks, Multi-agent systems, Energy-efficiency, 
Autonomic sensor network. 

1   Introduction 

The rapid technological progress in wireless sensor networks is attracting more and 
more applications. This domain was known by its importance for military applications 
where sensors are scattered behind the enemy lines to collect information. However, 
nowadays the WSN is proposed for medical use to monitor the patients with special 
diseases and prevent them from spreading. Many other applications, such as tracking 
and large scale environmental monitoring, require this improvement in WSN. 

However, the sensor nodes have limited power defined by their batteries. The radio 
entity of the sensor node drains this battery in transmission, reception and even in idle 
state. Hardware advances in communication and battery technology will lead in over-
coming some of the power problems. Thus, the constructors of sensor nodes are giv-
ing a special interest to the development of processing and memory capacity of sensor 
nodes. An example of this development could be seen in SunSpot [10] sensor nodes. 
They offer new sensor nodes with 180MHz of processing, 512KB of RAM and 4MB 
of memory with an implemented java virtual machine. However, problems will not be 
completely resolved and software improvements are still needed. Indeed, a sensor 
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node should be able to manage its battery, to judge the importance of the gathered 
information, to reduce the communication of non useful or non important information, 
etc. In other terms, a sensor node should be autonomous and should be able to make 
decisions while taking into consideration its state and the state of its environment. 

In this context, the multi-agent systems (MASs) emerged as an important tool to 
build autonomic networks. An MAS is composed of a set of agents able to cooperate 
with each other to exchange information and execute tasks in order to achieve a 
global objective.  

In one of our previous papers [8], we have proposed an energy-efficient communi-
cation architecture based on the multi-agent approach. In the proposed architecture, 
only an agent having important information cooperates with its neighbours in order to 
create a data gathering session. This session summarizes the data of multiple sensor 
nodes into one message allowing to significantly saving energy. 

In order to manage more cleverly the power consumption of the nodes, in this pa-
per, we enhance the architecture defined in [8] by proposing an agent strategy which 
is a step towards the autonomic WSN. By using this strategy, the agent, implemented 
in a sensor node, will take into consideration several parameters before deciding to 
cooperate or not in a data gathering session. These parameters are obtained from the 
agent environment or by exchanging information with its neighbours. In this paper we 
define the following four parameters: (1) The energy of the node, (2) the position of 
the node within the network, (3) the network density in the coverage zone of the node, 
and (4) the importance degree of the gathered information. These parameters will be 
explained and discussed in details in section 4. 

The rest of this paper is organized as follows. In section 2, we present briefly the 
multi-agent systems. In section 3, we review the agent-based solutions proposed in 
the literature. Next, section 4 contains the main contribution of this paper: the agent 
strategy. Simulations setup and results analysis are discussed in section 5 and 6 re-
spectively. Finally, section 7 concludes the paper and introduces the future work.    

2   Multi-Agent Systems 

According to [2], an agent is a physical (robot) or virtual (real time embedded soft-
ware) entity having trends and resources, able to perceive its environment, to act on it 
and to acquire a partial representation of it (called the local view of the agent). An 
agent is also able to communicate with other peers and devices and has a behaviour 
that fits its objectives according to its knowledge and capabilities. Furthermore, an 
agent can learn, plans future tasks and is able to react and to change its behaviour 
according to the changes in its environment. 

An MAS is a group of agents able to interact and to cooperate in order to reach a 
specific objective. Agents are characterized by their properties that determine their 
capabilities. Different properties are defined like autonomy, proactive-ness, flexibil-
ity, adaptability, ability to collaborate and to coordinate tasks, mobility, etc. 

According to its role within its environment, the agent acquires some of these 
properties. Multi-agent approach is well suited to control distributed systems. WSN 
are good examples of such distributed systems. This explains partly the considerable 
contribution of agent technology when introduced in this area. 
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3   Agent-Based Propositions in WSN 

Agents and MAS are two interesting concepts for a great number of researchers in 
different domains. In WSN, researchers have been interested in these two concepts in 
order to propose energy-efficient approaches especially in routing and data gathering 
problems. In this section, we present some of the proposed solutions and we underline 
the local view of the agent in each proposition. In fact, the decisions of an agent are 
based on its local view. This view presents the information of its current sensor node 
information as the remaining power in the node, the list of its neighbours, etc. 

Since WSN is limited in energy, designing an energy-efficient routing protocol ap-
pears as a key point to extend the network life time. Therefore, authors of [5] propose 
an intelligent agent routing scheme over WSN. This scheme is based on building an 
abstract tree structure where the sink is the root. When an event happens, the informa-
tion can be passed back to the sink through the tree structure. The authors propose to 
introduce an agent at each level of the tree. This agent transfers the information of a 
lower level to an upper level. At each level of the tree, they select the closet (in term 
of distance) sensor node to the upper level to implement the agent in this proposition, 
the local view of the agent is limited to the address of its upper level node and the 
distance to it (deduced from the received power). 

Authors of [3] propose another approach based on the use of mobile agent. They 
propose to carry each data packet sent from a source node by an autonomous mobile 
agent. This agent is responsible for making the appropriate route decisions, in an 
energy-efficient manner, based on its local view. The authors define a forwarding 
table in each sensor node. This table contains the list of possible next hops with their 
remained power and estimated power (or cost). The estimated power is the transmis-
sion power needed to reach the next hop. In this proposition, the energy of the next 
hop appears as the main information in the local view of the agent. 

In mobile agent propositions [1] [4], authors propose to send the processing code to 
the sink. This code is a part of a message called mobile agent, which contains also the 
list of source nodes. The mobile agent passes through each of the source nodes de-
fined in the list, processes their data locally and concatenates them into the data field 
of the message. This technique provides a gain in power by (1) eliminating the local 
redundant information as the mobile agent processes data locally, and (2) concatenat-
ing multiple nodes information into one message, which means one message overhead 
for multiple source nodes information. The authors suppose a fixed list of source 
nodes in each mobile agent. The agent, thus, will just focus on finding its route to 
process and concatenate the data from its list of source nodes. Hence, the local view 
of the agent, when it arrives to a node, will be restricted to the local raw data and the 
address of the next sensor node (next source node in the list).   

In our previous work [7] [8], we have proposed an information importance based 
communication architecture (IBC). Thus, the data gathering session starts when an 
agent (sensor node) detects important information. This agent invites its one hop 
neighbours to cooperate in order to gather the maximum possible of information and 
to create a cooperation message summarizing these collected information. However, 
the neighbour agent, who is at the same time the first hop on the path to the sink for 
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the agent in question (source node), will not response the cooperation request. Indeed, 
once the cooperation message is ready, this neighbour agent (called intermediate 
agent) will receive the message and will invite its one hop neighbours’ agents to co-
operate. The intermediate agent will gather the information of its one-hop neighbours 
and extend the initial cooperating message. This message will be then sent to the next 
intermediate agent. The new intermediate agent will, in its turn, repeat the same sce-
nario. This scenario will be repeated until reaching the sink node.  

The example in Fig. 1 illustrates the IBC approach where we can see that there is a 
static agent (smile face) implemented in each node. We suppose that agent A has 
important information, hence it cooperates with its one hop agent neighbours (E, I and 
B) to gather their information. Then, it sends the resulting cooperation message to its 
first hop on the path to the sink, which is agent B. B, C, and D are the intermediate 
agents, each one of them cooperates with its one hop neighbours and concatenates 
data into the main cooperation message. We would like to underline here that the 
neighbour agents decide to cooperate or not following the importance of their gath-
ered information. In this proposition, the local view of an agent was limited to the 
importance of the gathered information. 

 

Fig. 1. Agents based communication example 

The authors of [6] propose the use of agents for a power management in wireless 
sensor network. Unfortunately this work does not give results; however, it studies the 
possibility and importance of using the agents in WSN. The authors examine some of 
the potential decisions an agent can take regarding intelligent power management. 
They give the example of a node, in the middle of the network, which routes further 
nodes messages if it has a sufficient battery level. This work emphasizes the impor-
tance of using different characteristics of agents in WSN. 

The approaches presented in this section propose the use of MASs in WSN in order 
to decrease the power consumption. However, in each proposition, only a few number 
of parameters of the agent local view have been considered by the agents in order to 
make decisions. In the majority of these propositions, the authors have mainly fo-
cused on the available power. However, some other parameters would be important 
for the longevity of a WSN such as the position of the node, the network density, etc.  

In the next section, we detail our agent strategy and the parameters that it takes into 
account in order to make appropriate decisions. 
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4   Agent Strategy 

In the literature, an agent is generally selfish which means that it cooperates with its 
neighbour agents when it can and needs. This feature appears to be very important in 
WSNs as an agent cooperates only if there is a gain. The gain is a relative point that 
depends mainly, in our domain, on the sensor node life time and the relevance of 
cooperating with other agents. In the present work, we propose a strategy for the 
agent to compute the relevance of cooperation. For this strategy, we define the main 
parameters that may influence the relevance of the participation in cooperation. These 
parameters are as follow: 

• The energy (E); 
• The network density (D); 
• The position of a sensor node within the network (P); 
• The information importance (I). 

We will like to note also that the relevance (R) will be computed with an approxi-
mation of a constant (C). In addition, each one of the defined parameters has its im-
portance factor or its priority. We express the defined parameters by the equation (1) 
to compute the relevance of cooperation.  

CI
PD

ER +×+×+×+×= ωθβα 11
 (1)

Where α , β , θ , and ω  are the importance factor for the energy (E), the density 

(D), the position (P), and the information importance degree (I) respectively.  

4.1   Energy 

The energy is an important parameter in a resource limited network such as the WSN. 
It is generally seen as the most important parameter. Indeed, the remaining battery 
level appears to be the most important thing in this parameter but it is not the only 
one. In order to better use the energy of a node, we define an administrator power 
strategy (APS) parameter. This parameter allows the network administrator to extend 
its WSN life time. By multiplying the available battery level by a percentage, the 
agent will reject some cooperation requests that it would be accepted if the adminis-
trator strategy was disabled. This rejection allows sensor nodes to save more energy, 
hence it extends the whole network life time.   

Otherwise, the importance of the administrator power strategy could be empha-
sized also in the case of multi-application sensor network where the administrator will 
be able to define the importance of each application. Hence, the value of (E), is given 
by equation (2): 

APSAE ×=  (2)

Where E is the energy parameter in equation (1), A is the available or remained power 
in the battery and APS is the administrator power strategy parameter, which is a  
percentage defined by the administrator depending on the application. As presented in 
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the equation (2), the energy E could be just the remaining battery level if no adminis-
trator power strategy has been defined (APS=1). In addition, lower is the APS longer 
is the life time of the WSN. 

4.2   Network Density 

The network density varies from a deployment to another one and from a node to 
another one within the same deployment depending on the node distribution. This 
parameter appears as an important parameter to take into consideration. Indeed, more 
an agent has neighbours, less is the importance of its participation in a cooperation; 
that is why in the equation (1), we take the inverse of the density (D). To illustrate the 
importance of this parameter, let us take the example of a tracking application where 
the position of the desired object can be defined by at least three agents. Finding these 
three agents in a dense network is an easy task. However, if ten agents participate in 
this task, in place of three, we will have an undesired loss of power and time.  

The density in this case is a relative parameter computed by each agent. There are 
two main reasons behind that: the first one is that each agent has a local view and 
there is no agent with a global network view. The second reason, which is more im-
portant, appears in the fact that for a specific task, we need cooperation between the 
agents of the local task zone and not farther agents. For simplicity’s sake, we propose 
the following equation (3) to compute this density (D).  

ltheoretica

real

N

N
D =  (3)

Where Ntheoretical is the theoretical number of nodes and it is given from the ideal dis-
tribution of the nodes or the grid distribution (see Fig. 2(a)). Ntheoretical corresponds to 
the number of nodes within the radio range of a reference node (RN). The RN is a 
node in the centre of the area to eliminate the special cases of border nodes. 

Nreal is the real number of neighbour nodes, which means the number of its one hop 
neighbour nodes appearing on its MAC layer. It should be equal, in the ideal case, to 
all the neighbor nodes within the radio range of the node. In Fig. 2(b), we show an 
example of randomly distributed nodes to give an idea about real network densities.  

4.3   Position within the Network 

The third parameter is the position of the agent node (P) in the network. We define 
three types of node positions: (1) normal, (2) edge and (3) critical. The normal position 
is the position inside the network where the node has multiple neighbours. The edge 
node is a node in the border of the network and/or having a view of the network limited 
to one and only one neighbour. A node is considered in a critical position if it connects 
two parts of the network. That means, if the node runs out of battery, it may divide the 
network or multiple nodes behind it will become unreachable and in the best case they 
will require a longer route to communicate their data to the sink. This longer route is 
expensive in term of energy as the number of hops is increased. Fig. 2(b) presents a 
random deployment of 100 nodes and we have marked some of the nodes that are in 
critical position.  
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The strategy should allow an agent in a critical position to decrease its power con-
sumption to maintain the maximum possible the connection between the two parts of 
the network. Thus, the value of the importance factor of this parameter should be 
equal or higher than the energy or the information importance degree factor. 

 

Fig. 2. Network topology 

4.4   Information Importance Degree 

The last parameter (I) is the information importance degree that depends heavily on 
the desired application. This parameter could be computed by a local processing in 
the node. This processing allows the agent to estimate the importance of the gathered 
information.   

For example, in a tracking application, if the detected object is the desired one or in 
the case of a visual application if the captured picture contains an animal face (sup-
posing we are searching for new species in a forest), the agent will judge this informa-
tion as important.  

In other domains as in environmental monitoring (Humidity, temperature, etc.), the 
agent saves the last gathered information to compare it with the new gathered one. If 
the difference between the two is greater than a predefined threshold, this information 
will be considered as important. Conversely, the agent drops the old information and 
saves the recent one and marks the information as unimportant. The same technique 
could be used also in tracking when the object stays in the sensor zone during two or 
more gathering cycles. 

5   Simulation Setup 

To evaluate the relevance of our proposed agent strategy, we have carried out a set of 
simulation tests. These simulations compare the performance of our previous work [8] 
(IBC) where no agent strategy has been used, with a Strategy Based Communication 
(SBC), which is a communication based on our agent strategy. The IBC, presented in 
section 3, is a communication architecture based on the importance of the informa-
tion. We have implemented these two approaches on GlomoSim [11] which is a scal-
able simulation environment for wireless and wired network systems. 
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In our simulation setup, as presented in Table 1, we summarize the different simu-
lation parameters that we have used during the evaluation of our proposition. We have 
run our simulation over a 1000mx1000m square with a random distribution of nodes 
during 1000 seconds. We have limited the radio range and the data rate of each node 
to 87m and 1Mbps respectively as suggested in [9]. The transmission and reception 
powers’ parameters, which influence directly the radio range, have been chosen care-
fully from the ranges defined in the sun SPOT system technical document [10]. 

In order to test the scalability of the agent strategy and its relevance across differ-
ent network densities, the simulations are done for a number of nodes varying from 
100 to 900 nodes with an interval of 200.   

The local processing time is inspired from the work realized in [1]1, where the 
processing code is put in a message sent by the sink. This message is the mobile 
agent. Indeed, transferring this code from the message to the node and placing it in the 
appropriate place of the memory will take some time. We have estimated this time to 
10 ms. The authors of [1] have fixed the processing time to 50 ms which means that 
40 ms will be sufficient in our proposition as a local processing time. 

Table 1. Basic simulation parameters 

Simulation Parameters Values 
Network size 1000mx1000m 
Node distribution  Random 
Radio range 87m 
Throughput  1Mbps 
Size of sensed data 24 byte per node 
Sensed Data Interval  10 seconds 
Simulation time 1000 seconds 
Local processing time 40ms 

Table 2. Agent strategy equation parameters 

Agent Strategy Parameters Values 
Threshold of R 0.7 

α ,θ ,ω  0.25 

β  0.1 

C Random [0,0.15] 

 
The agent strategy parameters are presented separately in section 4. The impor-

tance factors of these parameters α , β ,θ , andω  are fixed to 0.25, 0.10, 0.25, 0.25 

respectively. The constant C is a random variable between 0 and 0.15. These values 
reflect the importance of their correspondent parameters. By giving the same value to 
α ,θ , andω , we give the same importance to the energy, position and information 
importance degree, in the calculation of the relevance value. The density has been 
given a lower priority compared to them as we suppose that it does not influence 

                                                           
1 This work is presented in section 3. 
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directly the performance of the whole WSN. Based on these factors and through sev-
eral simulations, we have found that the majority of cooperation relevancies (R) were 
between 0.6 and 0.8. Thus, we have chosen to fix threshold of R to 0.7. These pa-
rameters are resumed in Table 2.  

5.1   Power Consumption Computation Model 

The power consumption is a main performance criterion in our work. It represents the 
average value of energy consumed by each sensor node during the simulation to 
transmit, receive, and process the data. For the transmission and reception, we use the 
equation (4), defined in [9]. ETX is the power consumed during transmission and ERX 
is the power consumed during the reception. Both of them are computed following the 
data length and distance of transmission (radio range of the node) (l,d): 

cRX

s
TX

lEdlE

ledlEcdlE

=
+=

),(

),(
 where e=   (4)

Where Ec is the base energy required to run the transmitter or receiver circuitry. A 
typical value of Ec is 50 nJ/bit for a 1-Mbps transceiver; dcr is the crossover distance, 
and its typical value is 86.2 m; e1 (or e2) is the unit energy required for the transmitter 
amplifier when d < dcr (or d > dcr). Typical values of e1 and e2 are 10 pJ/bit.m2 and 
0.0013 pJ/bit.m4 respectively.  

For the local processing consumption, we use the rules defined in [9]. The authors 
evaluate this energy based on the number of instructions and the frequency of the 
processor. In IBC and SBC, we use the processor defined in the sun SPOT technical 
document [10], which sets the processor frequency of their sensor nodes to 180 Mhz. 
According to [9], a processor with such frequency consumes approximately 0.8 nJ per 
instruction.  

6   Results and Analysis 

In this section, we present the simulation results to highlight the performance of our 
proposition. We show the advantages of the proposed agent strategy scheme by com-
paring IBC to SBC (which is an amelioration of IBC). It is important to bear in mind 
that in SBC we base our agent strategy only on the information importance.  

We focus mainly on the efficiency of our proposition in terms of power consump-
tion and scalability in different network densities. As presented in the simulation 
setup section, we have varied the number of nodes from 100 to 900. 

In Fig. 3, we plot the average power consumption per node in IBC and SBC. The 
results show that SBC decreases the power consumption comparing to IBC. In addi-
tion, it is clear that the saved power is more important for the higher number of nodes. 
These results prove that our agent strategy is significantly better designed for scalable 
or dense networks than the IBC approach. Indeed, for a number of nodes varying 
from 100 till 900, the power consumption obtained by using the agent strategy is in 
average reduced by a factor of 1.5 which means an important amount of saved power.  

e1   s=2,    d<dcr 

 

e2   s=4,    d>dcr   
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Fig. 3. Average power consumption per node 

To show the effects of the administrator power strategy (APS) on the life time of 
the WSN, we ran a set of simulations with four different values of APS: 25%, 50%, 
75%, and 100%. These percentages, as presented in section 3, define for the agent the 
amount of energy that it can use to evaluate the relevance of cooperation. 

Fig. 4 shows that when APS is equal to 75% (Fig. 4), the power consumption per 
node is divided by two approximately comparing to APS=100% (no strategy). Hence, 
the network life time has been multiplied by two approximately.  

 

Fig. 4. Average power consumption per node for different administrator strategies 

In addition, the results confirm that lower is the APS longer is the life time of the 
WSN. We can also observe that the network scale and density do not degrade the 
optimization of the network life time. The definition of this parameter depends highly 
on the type of the application and the WSN administrator strategy. 

Fig. 5 compares the power consumption per node for the nodes in critical positions in 
both approaches. As we can observe, the agent strategy decreases the average power 
consumption of these nodes in an important manner. It shows also that more the net-
work is dense more the amount of decreased power is important. We can observe also, 
that for 700 nodes, the agent strategy divided by two the consumption of these nodes 
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and for 900 nodes, this optimization remained important where the agent strategy di-
vides the consumption by more than 1.5. In addition, in a non dense network, the power 
consumption has been divided by a factor varying from 1.5 to 2. Hence, we can deduce 
from these curves that the agent strategy offers a better power management for nodes in 
critical positions independently from the network scale and density.  

 

Fig. 5. Average power consumption per node in critical positions 

7   Conclusion 

In this paper, we had presented an agent strategy to allow the agent implemented in the 
sensor nodes to cleverly manage the power consumption of the sensor nodes. This opti-
mizes the cooperation of agents in wireless sensor networks. This optimization is based 
on allowing the agent to take into consideration multiple parameters existing in its local 
view. In addition, to the available sensor node battery, this strategy deals with the posi-
tion of the sensor node within the WSN and specially the critical position of a node 
(when a node connects two parts of the network). It takes into consideration the density 
of the network around the sensor node and the information importance degree. This 
strategy allows computing the relevance of a cooperation of an agent with other agents.  

The importance of this strategy has been studied comparing to IBC through several 
simulations. The results illustrate the performance of our strategy. Indeed, SBC has 
proved an important optimization in term of average power consumption per node and 
an important management of the power of nodes in critical positions. 

As a future work, we think that a mathematical model could be interesting to study 
the possibility of using a variable cooperation relevance threshold. Then, this agent 
strategy will be studied in the case of multiple applications over the same physical 
WSN. We aim also to explore the possibility of using an agent based routing protocol.  

References 

1. Chen, M., Kwon, T., Leung, V.C.M., Yuan, Y.: Mobile Agent Based Wireless Sensor Net-
works. Journal of Computers 1, 14–21 (2006) 

2. Ferber, J.: Multi-Agent System: An Introduction to Distributed Artificial Intelligence. Ad-
dison Wesley Longman, Harlow (1999) 



 A Strategy for Multi-Agent Based Wireless Sensor Network Optimization 133 

3. Gan, L., Liu, J., Jin, X.: Agent-Based, Energy Efficient Routing in Sensor Networks. In: 
AAMAS. ACM, USA (2004) 

4. Li, Y., Xu, J., Zhao, B., Yang, G.: A New Mobile agent architecture for wireless Sensor 
Networks. In: Industrial Electronics and Applications, ICIEA, pp. 1562–1565. IEEE, Los 
Alamitos (2008) 

5. Liu, H., Liu, C.: An Intelligent Agent Routing over Wireless Sensor Networks. In: IEEE 
Proceedings of MASS 2006, pp. 358–366. IEEE, Los Alamitos (2006) 

6. Marsh, D., O’Hare, G.M.P., Ruzzelli, A., Tynan, R.: Agents for Wireless Sensor Network 
Power Management. In: ICPP Workshops, pp. 413–418. IEEE Computer Society, Los 
Alamitos (2005) 

7. Sardouk, A., Merghem_Boulahia, L., Gaiti, D.: Agents Cooperation for Power-Efficient 
Information Processing in Wireless Sensor Networks. In: Networking and Electronic 
Commerce Research Conference, Italy (2008) 

8. Sardouk, A., Merghem_Boulahia, L., Gaiti, D.: Agent-Cooperation Based Communication 
Architecture for Wireless Sensor Network. IFIP Wireless Days/Ad-hoc and Wireless Sen-
sor Networks. EAU (2008) 

9. Sohraby, K., Minoli, D., Znati, T.: Wireless Sensor Networks, Technology, Protocols, and 
Applications. Wiley-Interscience, Hoboken (2007) 

10. Sun Microsystem, Sun Labs: SunTM Small Programmable Object Technology (Sun SPOT) 
Theory of Operation (2008) 

11. U.P.C. Laboratory and W.A.M. Laboratory: Glomosim: A scalable simulation environ-
ment for wireless and wired network systems. In: The 3rd International Working Confer-
ence on Performance Modeling and Evaluation of Heterogeneous Networks (2005)  


	A Strategy for Multi-Agent Based Wireless Sensor Network Optimization
	Introduction
	Multi-Agent Systems
	Agent-Based Propositions in WSN
	Agent Strategy
	Energy
	Network Density
	Position within the Network
	Information Importance Degree

	Simulation Setup
	Power Consumption Computation Model

	Results and Analysis
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




