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Preface 
The present document corresponds to the memorandum realized by M. Sc. Student 

Marc Torner Tomàs. This Master Thesis has been developed during a six month period, of 
International ERASMUS Exchange Program, from February to July of the year 2009. All the 
work involved has taken place at the Communications Laboratory’s facilities which is a 
branch of the Information Technology Department (P.O. Box 20, FIN-53851, Lappeenranta, 
Finland). The aim of this memorandum is to inform any properly trained reader in the most 
brief, complete and precise way possible about 

• the context where the topic came from (Chapter I),  

• the background knowledge acquired prior to the creative process and Thesis postulation 
(Chapter I), 

• the process of rational and logically based analysis and creative thinking (Chapter II), 

• the Thesis proposal (Chapter III), 

• the consequent implementation and testing through experimentation (Chapter IV) and, 
finally, 

• the conclusions and future development lines derived from the previous stage (Chapter V). 
In order to avoid a massive, and therefore annoying, compilation of contents the 

information included in the different chapters has been reduced to the concepts strictly related 
to the list above. Further information, as well as basic knowledge on the ‘hot topics’ will be 
assumed and left to the reader in case that non-familiar concepts need to be revised or 
acquired. Along with the text, source documentation references will be found with the syntax 
of [#], where the equivalents are placed at the Bibliographic References section. 

Furthermore, the reader will notice that no complete source code has been included in 
this document. Although, many references to .cc or .h filename are mentioned in order to ease 
the interpretation of the mentioned code. This copy of the memorandum should had been 
delivered with all the files mentioned along Chapter IV, as well as more extra material, 
contained in a Complementary Material labeled CD-ROM. All the contents of the disc are 
accessible via a web organizer specially designed for that purpose. 

It should be noticed that all the observations and/or conclusions exposed in this 
document are the result of the intensive work developed by the author. Nevertheless, contrary 
to the theoretical concepts, these interpretations are personal and based on his current 
knowledge and experience. Constructive critics and educative disagreement are not only good 
but necessary and will always be welcome. 

To conclude this section, the reader must be aware that the English language is not 
the mother tongue of the author and one of the main reasons that conducted him to the 
ERASMUS experience. Please receive all the apologies in advance for any ambiguity, misuse 
or lack of expressivity found along this document. 
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Abstract 
This project was born to cover a specific aspect of the wireless networks related to the 

service delivery considering a generic taxonomy where different agents can exhibit a 
heterogeneous offer of services and, at the same time, clients may be interested in different 
activities at the same time. In this scope, the need of a common way of interaction between 
clients and servers can be perceived to overcome the probable lack of generality in this whole 
picture. 

Two main objectives where defined and prosecuted in order to plant the first stone in 
the definition of a protocol to support a fair, transparent and effective service selection in 
wireless scenarios. First, the determination of a generic way of characterizing the different 
services therefore deriving to a template based descriptive object. Second, the implementation 
of a mechanism capable of using this format of description in order to inform the client about 
the best option to chose at any given moment. 

Following the first general objective, a series of analytical studies in terms of the 
parameters that could be used to describe a service where performed using as test examples 
Printing, Image Recognition and File Sharing services. The major efforts were done in the 
appliance of three discriminative patterns regarding how general or specific, static or variant 
and the type of limitation (maximum or minimum) each parameter is. The principle 
conclusions of these studies were the following. First, an important group of parameters were 
common to the different services under study. Second, the existence of a trade-off between the 
precision of the characterization (via more contextual parameters) and the homogenization of 
the descriptive set of parameters. Finally, each parameter could be expressed using the pair 
formed by the offered and demanded values. 

In the second place, a local agent supported by the PeerHood middleware designed to 
run on the client’s machine was defined and implemented in C++. This agent, known as 3WA-
Server, is intended to act as an active environmental monitor to assist the client’s applications 
in the service selection process. The bases of this assistance rely on the definition of a profile 
describing mainly the client’s requirements and a template containing the server’s offer. Using 
that information, the 3WA-Server is able to rate each particular service to provide each 
application with a numerical and normalized value between 0 and 1 where 0.5 or higher 
means complete fulfillment of the requirements. Based on these grades, the application is in 
position of performing a solid decision concerning the next server provider to select. The 
assignation of the grade to each service relies on three layer neural network balanced with a 
set of weights specified by the application according to its particular requirements. The 
network is fed with the profile and the template associated to the application acting as a client 
and the service provided by a particular server respectively. 

An experiment was set and executed in order to get a first and introductory 
estimation of the validity of the 3WA-Server as a service selection assistant. The experiment 
consisted in the deployment of two servers offering the same two services and a client moving 
from one to the other. This client was running local services as well. The results of the 
experiment pointed out that, first, the delays associated to the transmission of the parameters 
describing the service offered by the server were more than tolerable. Secondly, the 
management and execution of the neural network were proven to be effective and low resource 
demanding. Finally, the grading system and the proactive interaction between the local 
applications and the 3WA-Server suggested an expected behavior in terms of proper event 
generation and result notification. Nonetheless, this approach stands for a very first 
simulation, hence, further study and exhaustive revision are to be done. 
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Chapter I 
Introduction 

All of the analytical, creative and development processes realized under the topic of 
this M.Sc. Thesis totally underlie under the work that has been done, and currently is, by the 
Communications Laboratory (IT department, 6th floor) under the direction of Dr. Jari Porras 
at the Lappeenranta University of Technology[1]. Precisely, all the efforts had been focused 
specifically to the key facts of Service Selection and Task Migration (SS&TM) in Peer-to-Peer 
Mobile Networks (PPMNs) as it will be presented in the first place in this chapter. Secondly, 
the context in which this Thesis was originated is exposed by identifying the needs that 
justified such a task and by listing the objectives that were stated during the beginning of the 
research process. Thirdly, the reader will find a brief introduction to the theoretical 
background that should be earned in order to achieve an optimal comprehension of the 
contents of this document. Finally, an explanation of the PPMN platform known as 
PeerHood[2] and used to deploy the experimental phase of the work can be consulted. 
Nonetheless, consultation of the official documentation is a must so as to get a complete 
understanding of this communications tool. 
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I.1 Context: Needs and Objectives 
In the scope of this document, the Context will be defined as the circumstances that 

surrounded the decision of initiating this Thesis by supplying the author with the required 
logistics and theoretical and practical support. Those circumstances can be classified as 

• Global (those evolving the State-of-Art of wireless networks regarding the Service 
Selection and Task Migration from a worldwide view of today’s academic and business 
fields) and, secondly, as 

• Particular (those that apply to the particular environment where the Thesis was 
developed, that is to say, the Com. Lab. at LUT). 
The consideration of those two groups leaded to a list of needs or, more accurately, 

specifications that, even to be particular to one of the research fields of the Com. Lab., are 
totally related to a set of generic specifications mentioned in the documentation referenced in 
this memorandum. In order to cover the defined needs, a group of objectives was established. 
The consecution of them focused all the efforts since they have been present along all the 
execution period of this project. 

I.1.1 General Context 

Dialup used to be the only means of connecting to high-speed demanding multimedia 
and multipurpose services with personal devices (i.e. laptops) while out of the office or away 
from home. Mobile Internet users were limited to a 56 Kbps connection. However, modern 
wireless ISPs are able to provide connection speeds ranging anywhere from 384 Kbps up to 2 
Mbps. 

Advances in wireless telecommunications technology are converging with Internet 
technology to foster new generations of applications and services. For example, an important 
number of countries are moving to third generation and fourth generation mobile telephony. 
The defining feature of these and other wireless technologies is that transmission speeds are 
significantly faster than prevailing technology, making it possible to provide services such as 
high-speed access to the Internet or peer-to-peer connections between mobile devices. 

Future developments in wireless technology will be able to support many services for 
business and consumer markets, such as: digital television and radio broadcast reception, 
mobile commerce and logistic services deployed within a company or any other kind of 
organization. Better technology makes mobile communications more mobile. As the ability to 
send high-grade signals to greater distances improves, so does the opportunity to tap new 
markets with less investments in supporting infrastructure. 

The situation of the wireless services is highly conditioned by both the Offer and the 
Demand. On one side, the majority of mobile operators are at a transition point between a 
maturing voice and SMS market and the growth in data services based upon high-speed 
networks. With the exception of markets such as Eastern Europe, India and Africa, voice 
ARPUs (Average Revenue Per User) are flat or in decline, and SMS looks destined to follow 
this trend. As the industry matures, several will become apparent and will derivate in a flood 
of services in the next year’s wireless market. Some of those trends are the following: 
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• Better coverage range and communication capabilities using both infrastructure based 
systems and peer-to-peer connections. 

• QoS  (Quality-of-Service) becoming of high importance. Mobile user’s are demanding every 
day the capability of receiving multiple services at the same time and of different 
nature. This QoS introduces a high number of variables (understood as parameters) 
that need to be taken into account when choosing the service to be linked to. 

• RAN (Radio Access Network) sharing is on the point of interest of ISPs due the fact that it 
represents a very suitable technique for reducing the total cost of ownership. Between 
equals this represents a win-win strategy in different environments, more important 
in emerging markets where the deployment costs can be very high while the ARPU 
will remain low for a significant period of time. 

• Differentiation will be a must for operators if they want to be competitive. Therefore, the 
same service will vary from one offer to the other in terms of the characteristics or 
parameters that define it. 
In conclusion, a coexistence of different providers for the same services is coming so 

users will have to dispose of some technique to perform the decision in the most appropriate 
way. Moreover, the differences between the same service offers may be subtle so these decision 
operations must be performed by taking into account all the aspects that can be important for 
the user. This need is more evident as a rapid evolution of the presented situation is 
considered. In other words, users need to decide fast, correctly and they need to do it at a 
reasonable rate in order to adapt to the changes of the environment where they are at a given 
moment. As living examples of the transformation that the offer is suffering, some experiences 
could be considered. Proposed ones are: 

• Many important US cable operators as Comcast, Advanced Newhouse or Time Warner are 
adding wireless to their bundle, which already includes high-speed Internet access, 
telephony and video services. They'll offer some video content on their phones that 
would otherwise be available only at home. Eventually, the cable companies want to 
allow customers to be able to do things like program their DVRs (Digital Video 
Receivers) remotely from their handsets 

• PocketIT is powering a wireless map service to allow users to get maps and directions 
downloaded to their handheld devices. The service is available in about 25 cities in 
Europe. 

• Custom Weather, a supplier of syndicated geo-coded weather data is providing a wireless 
weather forecast service to more than 125,000 global locations via wireless service 
providers to distribute weather information for specific coordinates around the world. 

Personal services powered by the same users or services owned and deployed by companies, as 
part of its logistics, also have to be taken into consideration. Peer-to-Peer communications are 
the perfect scenario for this service deliver and also create the need of the efficient service 
selection mentioned in this paragraph. On the other side, the number of potential users for 
wireless services (provided by both professional operators and home users) has experienced an 
incredible increase in the last years. Some studies indicate that the 52% of the smart phones 
worldwide are being used, nowadays, for personal purposes. This fact can give the user an idea 
of how wide is the range of services that a user can be offered with. Besides, the top age for 
advanced mobile devices users has increased up to the age of 65 (a 4.9% of the total) according 
to the last statistic published by The Nielsen Company. 
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To conclude this general context overview, it should be pointed out the fact that users 
not only need to be able to differentiate between simultaneous offers but also capable of 
performing the best choice while moving through a service covered area. 

I.1.2 Particular Context 

Extensive research on Peer-to-Peer environments, and specially its service discovery 
procedures, has been done at the Com. Lab. of LUT recently. The maximum exponent of this 
research is the PeerHood (see Section I.3) platform that provides an effective tool for Peer-to-
Peer communications between mobile devices. 

The best way to describe the particular context in which this project was created is to 
consider the following situation. Assuming that a device can register (so it can offer) one or 
more services using the PeerHood system, the number of providers for the same service could 
be considerable when a high device population is presumed. So, in this context, a hypothetical 
user will need an algorithm, fully compatible with PeerHood, to perform the right decision at 
any moment. 

Finally, it is important to mention that some of the researchers of the Com. Lab. are 
working on the Service Selection topic. This background acted as the perfect shuttle to justify 
the topic of this Master Thesis since there was not an official selecting method deployed for 
the PeerHood platform. 

I.1.3 General Objectives 

• Definition of the parameters that could be used to characterize any given service that 
could be offered in a wireless environment where multiple devices interact by using 
different technologies, protocols and contents. 

• Design and implementation of a procedure to effectively select the more suitable service, 
considering all the aspects that affect that decision, either by itself or as an auxiliary 
agent. 

• Adaptation of the mentioned procedure to the PeerHood (see Section I.3) platform. 

I.1.4 Specific Objectives 

• Selection of two or three candidate wireless services to be studied and to detect the 
common aspects that define its nature and deployment. 

• Materialization of those aspects in concrete parameters and to group them in some sort of 
pattern that could be used as a generic footprint compatible with all the services to be 
considered selectable. 

• Definition of the nature and data type of each parameter as well as its range of allowed 
values. 

• Selection and implementation of a matching tool or method that takes as inputs the 
different service’s footprints/pattern and resolves the more suitable server. The 
requirements of the user should also be taken into account. 
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• Design and implementation of a wrapper Server-Client software infrastructure that, using 
the mentioned selection tool, provides information to the user application about the 
surrounding environment in real time. 

• Using the XML format files to send the information regarding to the parameters affecting 
the service selection. 

• Other derived identified objectives are: definitions of a data structure object to hold the 
information of the service’s offer and client’s requirements, creation of an object with 
database capabilities to organize that information and to handle it properly, XML 
document validation by Schema and event oriented transmission between the 
different agents of the designed solution. 

I.2 Theoretical background 
In addition to the standard knowledge associated to a telecommunications or 

computer engineering degree about different topics such as computer networking, wireless 
technologies, network algorithms and protocols, a documentation stage to acquire a deeper 
knowledge about some key concepts was done at the beginning of this project. Even that all 
those concepts are assumed to be familiar to the reader, in the present section a brief about 
the most important and specific ideas will be found. Of course, it’s totally out of the scope of 
this memorandum to serve as a complete tutorial on those themes. Nonetheless, the 
information presented here can act as a guide to point out to the reader the specific theoretical 
parts that this project was based on, whatever his/her knowledge about them is. 

I.2.1 Wireless networks 

The basics of wireless networks are out of scope here, but a particular type of them is 
in the ‘hot spot’ of this Thesis. This type is the Mobile Ad-hoc Networks (MANET) used to 
provide Peer-to-Peer communication. Precisely, this subsection will focus on the Mesh 
Routing[3]. 

Mobile Ad-hoc Networks (MANETs) 

MANETs are autonomous systems of mobile routers (and associated hosts) connected 
by wireless links, the union of which form an arbitrary graph. The routers are free to move 
randomly and organize themselves arbitrarily. Thus, the network’s wireless topology may 
operate in a standalone fashion, or may be connected to the larger Internet. In general, a 
MANET is very similar to any other Internet technology. Where it differs from standard 
routing, however, is the structure and characteristics of a low-power radio network[4]. 

Each device in a MANET is free to move independently in any direction, and will 
therefore change its links to other devices frequently. Each must forward traffic unrelated to 
its own use, and therefore be a router. The primary challenge in building a MANET is 
equipping each device to continuously maintain the information required to properly route 
traffic. 

MANETs are a kind of wireless ad hoc networks that usually has a routable 
networking environment on top of a Link Layer ad hoc network. They are also a type of mesh 
network, but many mesh networks are not mobile or not wireless. 
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The growth of laptops and 802.11/Wi-Fi wireless networking have made MANETs a 
popular research topic since the mid- to late 1990s. Many academic papers evaluate protocols 
and abilities assuming varying degrees of mobility within a bounded space, usually with all 
nodes within a few hops of each other and usually with nodes sending data at a constant rate. 
Different protocols are then evaluated based on the packet drop rate, the overhead introduced 
by the routing protocol, and other measures. 

 

Figure I.1. Example of a MANET’s topology where each device can be used to bridge anonymous 
information targeting another terminal 

To conclude, it is important to point out the fact that with increasing diversity of 
wireless devices, heterogeneity in transmission power is expected to commonly appear in ad-
hoc networks. The existence of high-power nodes may adversely affect the performance of 
traditional ad-hoc routing. Different works have been published related to the mitigation of 
this event since the diversity of mobile terminals is increasing day by day[5]. 

Mesh networks 

Mesh networking is a way to route data, voice and instructions between nodes. It 
allows for continuous connections and reconfiguration around broken or blocked paths by 
“hopping” from node to node until the destination is reached. A mesh network whose nodes are 
all connected to each other is a fully connected network. Mesh networks differ from other 
networks in that the component parts can all connect to each other via multiple hops, and they 
generally are not mobile. Mesh networks can be seen as one type of ad hoc network. Mobile ad 
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hoc networks (MANET) and mesh networks are therefore closely related, but MANET also 
have to deal with the problems introduced by the mobility of the nodes. 

A particularly interesting characteristic of this kind of network is that it can still 
operate even when a node breaks down or a connection goes bad. As a result, this network is 
very reliable. 

Wireless mesh networks is the most topical application of mesh architectures. 
Wireless mesh was originally developed for military applications but has undergone 
significant evolution in the past decade. 

For this particular network it is more evident the need for a powerful selection 
algorithm that allows each terminal to adapt to any situation by performing always the best 
choice possible based on the resources available. 

 

Figure I.2. Mesh networks are robust because the information can be sent to its destination following 
different paths. The choice of the next choice becomes crucial 

I.2.2 Mobility in mobile environments 

Opportunistic networks 

The opportunistic networking idea stems from the critical review of the research field 
on Mobile Ad hoc Networks (MANET). After more than ten years of research in the MANET 
field, this promising technology still has not massively entered the mass market. One of the 
main reasons of this is nowadays seen in the lack of a practical approach to the design of 
infrastructure-less multi-hop ad hoc networks[6]. One of the main approaches of conventional 
MANET research is to design protocols that mask the features of mobile networks via the 
routing (and transport) layer, so as to expose to higher layers an Internet-like network 
abstraction. Wireless networks’ peculiarities, such as mobility of users, disconnection of nodes, 
network partitions, links’ instability, are seen as exceptions. This often results in the design of 
MANET network stacks that are significantly complex and unstable. 

Remote task migration 

The term Task Migration originally stands for the action of splitting a task in smaller 
units in order to distribute its execution along the different processors that are available. 
These processing agents will most probably present different contexts by means of load, 
execution time, available memory among other capabilities. 

The mobility that mobile devices can exhibit introduces the need of using this 
technique in order to provide continuity to the services they are receiving or even providing. In 
some way, if a mobile terminal is assumed to be moving across an area of, for example, three 
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servers the task migration could avoid restarting the job every time that one of those servers 
is left behind. See Figure I.3. 

 
 

 

Figure I.3. By performing task migration, the user can execute a different percentage of the external 
task in the different servers is finding along its movement. 

The benefit of remote task execution has been discussed by different authors [7, 8, 9 10]. 
The importance of this concept in the scope of this Thesis is that before performing the remote 
task migration, it is very important to select which server to move to. The aim of the author is 
that his proposal contributes somehow to perform this choice in the best way possible. 

For further study, it is recommended to consider the following aspects involving 
remote task execution and remote task migration: 

• Load balancing among the different processors (in mobile environments a server can act 
as a processor). 

• Reduce the communication overhead of the load balancing algorithm and improve the 
resource utilization in order to get the best average response time possible. 

• Consider how are the partial results and the context of the task going to be send to the 
next server (server-to-server, server-to-client-to-server,…) 

Service discovery 

In mobile environments service discovery plays a vital role since it defines the way a 
user realizes what is surrounding him/her. A service platform is required to control the service 
creation, deployment, control and discovery to enable efficient service operation in mobile 
networks[11]. 

Service discovery can be performed in so many different ways. In one case, the 
detection can be done only for the services that one single device is offering. On another case, 
the clients can inquiry the service platform for a list of all the services that are available to 
him/her. 

Considerable amount of research and development has been done in the context of 
service discovery protocols, mainly for use in wired and infrastructure-based wireless 
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networks. The best known examples of service discovery protocols developed both in the 
industry and academia are Lookup service of Jini, UPnP, Bluetooth Service Discovery Protocol 
, Service Location Protocol and UDDI. See [11]. 

 

Service selection 

The efforts had been focused to the client side of the mobile environment. This 
particular agent is, at the same time, the one that introduces the diversity in the whole service 
selection schema but also the one who is most interested in this selection system proper 
behavior. So the client needs to be an active part of the network by performing some kind of 
intelligent decision process that takes into account five different aspects related to the 
mobility environment. Those are: 

• User’s preferences 

• Service requirements 

• Technology limitations 

• Device specifications 

• Context of the situation 
It is important to realize that an iterative decision process has to be implemented by 

the service selection algorithm in order handle the service reception along whit the 
displacement. In Figure I.4 a pseudo code is shown to illustrate the idea of this iterative 
behavior. 

 

Figure I.4. Pseudo code for the iterative process of deciding which server to rely the task on 

Note that if the decision is taken at a high enough refreshment rate, then the service 
virtually moves along with the mobile allowing a continuous perception of being served even if 
the server is not a direct neighbor of the client. Nonetheless, a lot of questions arise such as 
“When to change the server?”, “Is it better not to change and wait to receive the results by 
routing?”, “What to do when more than one similar server is found?” and so on. The best way 
to face the problem and try to find solutions for these questions is to define the parameters 
related to the five aspects previously listed. 

As described in [12, 13], there are five basic sources of information from where the client 
can determine the best selection based upon quantifiable parameters. In the scope of this 
document, this organizative method will be known as the 5G-Model. The service selection 
process may be nontrivial if this operation involves multiple service requests at once. Consider 
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for example composite services, they can be modeled as workflows, where each activity 
potentially corresponds to a different service. In this framework, the decision problem consists 
in finding an optimal matching between the set of activities occurring in the workflow and the 
set of available services that can be used to carry out those activities. 

 
 
In Figure I.5 it is shown a diagram based on a possible perception of the relationship 

between the five groups listed above. As it can be seen, there is a hierarchical structure which 
settles one type of groups over others in a way that the upper levels are most likely to change 
faster while the lower ones tend to be stable. 

 

Figure I.5. Hierarchical relation between the five sources of information in the decision making process 
about which server should be used by the client 

To conclude this subsection, the reader must reflect on the fact that a quite high 
number of contextual parameters involved in the service selection process could cause some 
undesired activations of the selection tool or algorithm. Similarly to the hysteresis value used 
to control the spurious handovers in cellular based mobile telephony, a balanced service 
selection system should be able to treat the contextual values fluctuations in order to initiate a 
selection process when the correct server has been already chosen as a result of the last 
iteration. 

I.3 PeerHood 
PeerHood stands for Peer-to-Peer Neighborhood and it is an original idea and 

implementation initialized, developed and maintained by the Com. Lab. The following 
information stands for a brief introduction of this powerful tool only, the reader is encouraged 
to access the official documentation which can be provided by addressing to the Com. Lab. 
responsibles. 

The main goal of PeerHood is to provide a communication environment, in which 
mobile devices act in a Peer-to-Peer manner[14]. PeerHood helps applications to find remote 
devices and services and connect to them. Device and service discovery is an essential part of 
such environment. In order to quickly establish ad hoc connections, PeerHood is constantly 
monitoring the wireless neighborhood for other PeerHood-enabled devices. Services on each 
PeerHood device are stored locally on device and service database. Stored information is 
provided on request for PeerHood applications.  
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In addition to core immediate personal area network (PAN), consisting devices found 
nearby, PeerHood is designed to enable connections to selected distant remote devices. Using 
infrastructure networks, e.g. Internet, home, corporate and vehicular area networks, a user 
can extend his network to cover all his/her personal services regardless of his/her location. 
This approach called Personal Network (PN) has been introduced in[15]. In PeerHood, this 
approach is supported with the GPRS plugin, which uses GPRS or similar infrastructure 
network to expand the PeerHood neighborhood.  

 

 

Figure I.6. Concept of the PeerHood (left) and its main components (right) 

Figure I.6 represents PeerHood as a provider of a common interface to underlying 
network technologies for PeerHood enabled applications. Other PeerHood devices are 
presented to applications similarly, regardless of the underlying network technology. 
Currently, Bluetooth, WLAN and GPRS support has been implemented in Linux version of 
PeerHood. Several functions, which are common to many applications, are designed as 
Middleware modules. These functions can be used with the common PeerHood interface, and 
therefore it's not necessary to implement all of them in applications. Currently designed 
middleware modules include: 
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• Location 

• Personal preferences 

• ME - Mobile Electronic Personality (see ME research page by Pekka Jäppinen) 

• Synchronization of data between devices 

• Security and trust specific functions 
PeerHood architecture can be divided in three separate entities. These are the 

following: 

• The PeerHood daemon is the component, which ensures the continuous knowledge about 
other wireless devices. PeerHood library is the component, which provides 
applications interface for operations provided by PeerHood. 

• PeerHood library is used both in local communication between application and daemon 
and between PeerHood applications in different devices. PeerHood plug-ins provide 
functions specific to the wireless network technologies. 

• Plug-ins are used by the PeerHood library and the PeerHood daemon. Relationship 
between different components can be seen in Figure 1, which represents the PeerHood 
software architecture. 



 

 

Chapter II 
Analytical Study 

This chapter reflects the results of the studies performed on the different parameters 
that should be considered when the mobile device initiates a selection process to decide the 
most appropriate server to get the service from. The approach followed in these studies 
focused on the inputs the application running in the mobile needs in order to distribute the 
tasks it can’t perform by itself or it considers better not doing so. The technology and any 
other specific requirements have not been considered in order to set a theoretical background 
that allows portability to different scenarios in different contexts. 

The first part of the chapter is committed to introduce a parameter organizational 
structure known as the 5G-Model. It will be explained how this classification can lead to 
conclude that most of the parameters used to characterize a service can be expressed in a 
generic form so they can be used to identify almost any service where ubiquitous computing 
and task migration are present. Secondly, a brief of the case study performed in the first stage 
of the Thesis’ work has been included in order to transmit to the reader the ideas that 
originated the XML templates explained in Chapter IV and used to characterize an external 
server. This first case study deals about an image recognition service. Thirdly, an analogous 
brief can be found regarding a printer service. At the end of this part, a comparison between 
the results of both studies will conclude this part. Finally, the general ideas the author 
accumulated after this analytical processes are exposed as they can help the reader to 
understand the aspects of the designed system mostly related to the list of parameters used to 
rate and identify the external servers. 
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II.1 Parameters affecting service delivery in mobile 
environments 

One of the biggest challenges for a proper service selection is to find a generic pattern 
to fully describe a service offer that, at the same time, provides enough particular information 
to allow a high resolution in the discrimination between similar offers. On the other hand, it is 
also an obstacle to save the fact that all the agents involved in this offer-demand ecosystem 
have to either use the same parameters to negotiate or implementing the capability of 
understanding a wide range of criterion by interpreting the particular meaning of an 
expression based on the context of the situation. In the following subsections a classification of 
the parameters that could be a very good start point from where to synthesize a generic 
pattern are listed. 

II.1.1 Scenario 

This chapter focuses on a specific communications scenario which is the mobile 
environment. The main characteristics of this type of networks are: 

• Mobility achieves its maximum power. All the devices in the network show some kind of 
mobility pattern that can vary depending on different factors. 

• There are two types of agents: the clients and the service providers (servers) and both are 
mobile devices. 

• Servers have more computing power than clients and may not be linked with any other 
server in the network, thus affecting the service mobility in an extraordinary way. It 
also has to be supposed that a server is capable of serving different users 
simultaneously. 

• Clients need servers because they cannot perform some tasks by themselves. There are 
different limitations that apply here such as limited CPU, small storage capacity, lack 
of rights or permissions, … Clients also have to face the decision of who is going to 
perform the task for them by sensing the surrounding devices and using some kind of 
algorithm solve this question. When a moving client is considered, this issue takes a 
new dimension and mobility can be seen as an iterative process of making choices 
depending on which approach is going to give the best results. Moreover, clients can 
appear and disappear at any moment without a previous acknowledge by the server. 

• The network technology used for communication is another important factor to consider. 
Basically, the technology used at each moment will sustain the mobile environment 
by allowing user to remain within the coverage area of their neighbors. 

 
Figure II.1 shows an example of the scenario described above. Note that, in this 

particular case, a server is not directly linked with any other of its kind. While the client is 
moving, it is constantly forced to decide about where to rely its task to in order to get the 
faster, better and cheaper result. 
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Figure II.1. Mobile environment where there are different servers. All devices are mobiles. 

II.1.2 Client’s point of view 

The study performed in this Thesis has been focused on the client part of the mobile 
environment. This particular agent is, at the same time, the most restrictive but also the one 
who is most interested in receiving the service. So the client needs to be an active part of the 
network by performing some kind of intelligent decision process that takes into account five 
different aspects related to the mobility environment. Those are: 

• User’s preferences 

• Service requirements 

• Technology limitations 

• Device specifications 

• Context of the situation 
Before getting in deep with those aspects listed above, as previously introduced, it is 

important to realize that an iterative decision process has to be implemented by the 
application running on the mobile in order to handle the service reception along whit the 
displacement. In Figure II.2 an example as pseudo-code is shown to illustrate the idea of this 
iterative behavior. 

Note that if the decision is taken at a high enough rate, then the service virtually 
moves along with the mobile allowing a continuous perception of being served even if the 
server is not a direct neighbor of the client. Nonetheless, a lot of questions arise such as 
“When to change the server?”, “Is it better not to change and wait to receive the results by 
routing?”, “What to do when more than one similar server is found?” and so on. The best way 
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to face the problem and try to find solutions for these questions is to define the parameters 
related to the five aspects previously listed. 

 

Figure II.2. Pseudo code for the iterative process of deciding which server to rely the task on 

II.1.3 Aspects involved in the decision making process 

As described in [12], there are five basic sources of information from where the 
application can determine the best selection based upon quantifiable parameters. A feasible 
approach establishes that this parameters could be organized and structured following a 
profile pattern that will provide the base to develop an algorithm that could eventually do 
most of the decision process (if not all) taking this task away from the human user. There are 
other advantages of this automatic selection such as implementation in automats and usage in 
non-interface able devices (i.e. cams on fireman’s overalls). 

In the following subsections these parameters have been classified and briefly 
commented as the authors understands they are useful for setting a theoretical background on 
which to build a real implementation. 

II.1.3.1 User’s Preferences 

The user of the mobile device acting as a client is capable of configuring how this 
device should interact with its surrounding environment when an external service is required. 
The preferences of this (or those due the fact that one device can be used by two or more 
humans) user(s) could be: 

• Priority level of the task: it will determine how important is for the user to get the results 
in the shortest interval of time possible. 

• Energy consumption selected profile: it can help to determine the technology to use based 
on the amount of power per time unit the mobile should use. 

• Level of privacy desired: the user could want to send the data in an encrypted way so 
nobody could understand neither the initial data nor the result. 

• Maximum cost assumed: it is always important to consider the monetary cost of the 
service. 

• Mobility range of the device: this parameter refers to in which places could the mobile 
need the service at (home-office, home-office-club, everywhere …). 
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• Availability of the service/connection: by setting this value, the user can ask the service to 
be accessible during a certain and temporarily located percentage of time. 

II.1.3.2 Service Requirements 

This group of parameters has to be set by the service provider. Depending on the 
network deployment, the type of service, the QoS offered and other parameters, the owner of 
the server has to be able to set up a client’s profile that has to be matched before a client is 
accepted. In this way, for instance, evil clients could be banned for entrance. 

• Login / Authentication / Registration: clients could be expected to be subscribers or may 
have to demonstrate somehow they are allowed to access the service, which could 
contain restricted data. 

• Permanence: clients could be expected to be in the direct vicinity of the server in order to 
be accessible by this one every time is needed. 

• Maximum time of service: server could advise the client for how long it is allowed to be 
served. Consequently, the server could prevent getting lock by evil clients. 

• Maximum time of data storage: if the client disappears then there is a limited amount of 
time during which the results will remain available to the client. 

• Routing capability: the server may inform the client that it won’t route the results to the 
client if this one moves out of its coverage area. 

II.1.3.3 Network Limitations 

This group of parameters is mostly dependant on the user’s preferences and the 
service requirements. By knowing the values of the parameters introduced above, the network 
parameters can be matched against the features of each different technology. 

• Quality of the link: how good the signal must be received by either user or server. 

• Cost of the access: while, for instance, Bluetooth is a free of charge connection a GPRS 
implies some direct and indirect costs to access its associated network. 

• Maximum bit rate. 

• Error control and acknowledgement signaling. 

• Delay present in both transmission and reception. 

II.1.3.4 Device Capabilities 

This is a case similar to the network limitations. The device’s capabilities have to be 
matched with the user’s preferences and service requirements in order to assure a proper 
deliver of this service. 

• Network interfaces: it defines which technologies can be used to access the mobile 
environment. 
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• Battery life: it allows (or not) certain energy profiles that can be set up in the user’s 
preferences. 

• Storage capabilities. 

• Human interfaces: how humans can interact with the device and, consequently, with the 
service. 

• Software running on the device: refers to O.S., drivers, … 

II.1.3.5 Context 

Using the definition of [16], this says: “context information can be defined as any 
information that can be used to characterize the situation of an entity”, the context 
parameters inform the application of which are, at a given moment, the particular 
characteristics of the mobile environment where this one is submerged in. 

• Connections currently available. 

• Current information available about direct and indirect neighbors. 

• Recent memory: refers to the historical perception of the client after receiving (or trying to 
receive) a service. 

• Variance of the context in relation to time. 

II.1.4 Examples of server selection scenarios 

In this subsection, some examples of situations and scenarios where the mobile has to 
make a decision about which server to demand a service, are given. It has been the author’s 
intention to include scenarios where the parameters mentioned above change to see how those 
would affect the client’s choice in order to accomplish the service mobility in the best way 
possible. A brief explanation of the situation is given; nonetheless, a precise and full definition 
of these cases is out of scope. 

The whole list of the examples worked out is the following, however, only the most 
significant ones are properly developed. 

• Image Processing (face recognition, surface visual analysis, …). 

• Crime Scenario where cops wear portable cameras and microphones. 

• Firemen Fighting a fire needing to coordinate in aa extremely smoky environment. 

• Multiplayer Game where gamers interact with each other. 

• Content Broadcast in a car, driving in a road to Las Vegas, sharing data with other cars. 

• Production Chain where a device installed on a product validates the whole process and 
asks to get confirmation and update to zone managers (servers). 

• Sharing Multimedia Content in the metro or bus. 
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• Centralized Backup Server in a Rally where judges have to update times, incidents, … 

• Stay-On-Board system used by the crew of a boat in the middle of a storm to assure that 
nobody has fallen into de water. 

• Team Coordination between the doctors, surgeons and nurses of a hospital. 

• Tell-To system where the partners and colleagues of an office can deliver messages to 
anybody by leaving the message to somebody else’s device hoping the message will be 
delivered to its destination by successive and unpredictable paths. 

II.2 Study cases 
The following subsections compile the main contents of both study cases written in 

the first stage of this Thesis after coordination meetings with the supervisors of the project. 
Based on their inputs, these studies where done to achieve a generic characterization of 
external services by extrapolating the conclusions of particular cases. 

II.2.1 Image recognition service 

The image recognition service was the first case study due to the fact that it had been 
one of the examples used in the presentation of this Thesis. The author considered relevant 
since it was his first contact with this Thesis’ topic. 

II.2.1.1 Description of the service 

The service under study corresponds to an image processing service that will try to 
detect human faces in a given picture and search in a database some personal information 
about the corresponding personalities. After the service have been completed, the results will 
allow to map each face with its owner (i.e. name, national ID number, social security 
number,…). 

The input of the process will obviously be the image where the unidentified persons 
have been portrayed. The output will be a set of coordinates and the personal information in a 
way that this coordinates will be used by the client to locate the area where the face is shown 
in the picture. Additionally, the format and nature of the personal information required could 
also be part of the input parameters. 

II.2.1.2 Main characteristics of the service 

The first step on the analysis it was the determination of the main characteristics of 
the service described above. The key facts that form the base of it are the following: 

• Size, color and format of the image to be processed. 

• Information related to the faces that it should be provided. 

• Format or layout of the result. 

• Transmission time (depending on the image to transmit). 
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• Processing time. 

• Reception time (depending on the results to send from the server to the client). 

II.2.1.3 Scenario 

Let’s assume first a simple scenario like the one shown in Figure II.3. In this case, it 
will only be considered one client who doesn’t have enough resources to perform the face 
recognition by him/her-self. 

The infrastructure considered will be a wireless environment where the different 
machines communicate with others by an air radio interface (although they could exhibit more 
than one of those interfaces). Each node shown in Figure II.3 corresponds to a server that runs 
the same service application thus forming a service area. The network infrastructure will be 
based in Ad-Hoc[17] connections. The assumption of multiple user allowance by the servers 
must be made also. Further features about the agents and the service itself will be provided in 
later sections as the parameters used for service selection are presented. 
 

 

Figure II.3. Image processing scenario considered 

II.2.1.4 Parameters to consider 

Figure II.4 shows the classification of the parameters to identify in relation to the 
service under study. This organizational pattern has been defined to meet the scope of this 
project and could be redefined in further projects related to this topic. 

 

Figure II.4. The parameter classification used to perform develop the case are distributed in 8 different 
topics related to the different concerns about the service offered 
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Security 

The security parameters will help the client to decide if the service offers the privacy 
level required. Those are: 

• Login/Password: required to access the service. So, it’s a service dedicated to registered 
users. 

• Send encrypted file: the contents (faces) of the image file must be prevented of being 
intercepted and intrepreted by another agent. 

• Receive encrypted result: the coordinates of the faces mapped to the personal info of its 
owners will be given back to the user in an encrypted format. 
If any level of encryption is used, then there should be a mechanism of private and 

public keys in order to allow the authorized receiver (the client or the server) to view the 
protected data. 

Performance 

The performance parameters will help the client to decide if both, the client and the 
server, will work at the same level of performance. Ergo, the service will meet the client’s 
expectations and needs while the server will assure that this client will not obstruct the 
service delivery neither to itself nor to the rest of the users. Those parameters are: 

• Maximum size of the picture to process. 

• Minimum transmission rate accepted (client  server). 

• Maximum transmission rate delivered (server  client). 

• Maximum process time the server will dedicate to identify each face portrayed in the 
image. 

• Maximum time the result will be stored if the connection with the client is lost. 

• Availability on sending a progress report (% of completion) periodically to the client. 

• Sleep mode allowed to the client or, on the contrary, the client must remain alive and 
connected during all the process. 

• Degree of mobility of the server (is a machine located always at the same place or it is 
located in different places depending on the particular situation). 

• Availability of the service (hours per day the service is available. Note that active and 
available is not the same concept). 

Infrastructure 

In the formal sense, the scenario showed in Figure II.3 is not infrastructure based 
because all the communications are performed via Ad-Hoc links. However, the server could be 
a desktop accessing the radio interface via an Access Point. The parameters under this label 
refer to the network technology, interfaces, etc. 
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• Network interfaces available by the server. 

• Ad-Hoc or Infrastructure link. 

• Vertical handover allowance by the server. 

• Minimum signal strength in order to consider the connection feasible to use. 

• Routing capability of the server to route the results. 

• ID of partner servers which are offering the same service. 

• Single or multiple client service. 

Accounting 

This topic is related to the direct cost derived from using the service. The two 
parameters under this label so far considered are: 

• Cost per process. 

• Cost to become an allowed user (registry fee). 
The cost derived for the access to a specific network, such as GPRS, is not considered 

here mainly because this information doesn’t have its origin in the server. The client already 
knows the access cost or the transmission cost (€/MB) from one of the 5 group pattern, the 
Technology Limitations group. 

Historical 

The Historical parameters refer to the past experience of other clients and the server 
itself related to the service delivery. The own experience of the client with this server is not 
included here but in the User’s Preferences group of the 5 group pattern. The parameters 
under this topic could be: 

• Average process time (or may be the process time of the last five clients). 

• Server ID (which will identify the server as a unique agent). 

• Percentage of completed recognitions during a specific time interval. 
Obviously, that information could be manipulated by the server. Nonetheless, the 

client has its own source of historical information (from other clients and/or its own 
experience) and could use it (also the quality of the results) to match this parameters to 
determine the credibility of this server. 

Compatibility 

The parameters under this topic refer to the requirements imposed by the service in 
order to assure the compatibility with the client. For this purpose, the following fields should 
be considered under this label: 

• Name of the service. 

• Code of the service (alphanumeric code identifying uniquely the service). 
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• Transmission protocol. 

• Allowed file formats (jpeg, gif, …). 

• Format of the result (coordinates, personal information, …). 

Satisfaction 

The satisfaction could be useful as it can be understand as a rating of how good the 
service is. So far, only one parameter seems to be necessary under this label. This is: 

• QoS offered by the service. 

Contextual 

This last label is, probably, one of the most important if not the most. Basically, this 
group of parameters will be used to draw the situation at the precise moment the client 
receives the server’s offer. These parameters are the ones that are expected to show a higher 
variance than the rest of them. The contextual information will be handled through the 
following points: 

• CPU performance of the server. 

• Amount of clients (not exactly, rated as low-middle-high load). 

• Status of the server: mobile or fixed device. 

• Stable power supply guaranty from the server. 

• Mobility degree of the server (if mobile). 

• Priority that will be assigned to this particular client. 

• Instantaneous restriction on the image to transmit. 
There are other parameters related to the context but they are a client’s concern. 

These values will be used by the decision algorithm to check the fulfillment of the conditions 
required by this client. 

II.2.2 Printer service 

Similarly to the case study presented in II.2.1, this subsection presents the main 
results of a second study performed over a printer service. The guidelines followed to realize 
this study were exactly the same applied for the image recognition service. 

II.2.2.1 Description of the service 

Since nowadays the mobile devices are becoming more able to handle different files 
containing a large amount of pages, pictures and text in different formats, the need of printing 
is increasing considerably. High performance input interfaces also allow to finish, or even 
create, a document while traveling that later on will have to be printed. The service studied 
here basically receives a file from the client’s device and prints it in the desired way. 
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The first step is to find a suitable printing service available. After that, the mobile 
device will send the file specifying the performance that expects from that printer. Finally, the 
server could eventually send a completion report to the client so this one knows the document 
is ready to be picked up. Further information about the agents and the service itself will be 
given in subsequent sections. 

II.2.2.2 Main characteristics of the service 

The printing service analyzed here is quite different than the one seen in the previous 
subsection (the image processing service) and its main characteristics are the following: 

• The service is performed using specific hardware (computing and communications 
hardware is not considered specific so they are common in all the servers found in the 
considered scenario) so the use of specific drivers must be assumed. 

• The server can be (1) a computer with air radio interface controlling a printer which 
doesn’t have to be necessarily very close to it or (2) a high-performance printer with 
an integrated communication interface and computing capability. 

• The server is mostly static, although it could also change its location (under some 
limitations). 

• The result of the service is something material so it cannot be routed through any kind of 
telematic means back to the client. (Also printing a document in a file such as .pdf or 
.ps could be considered). 

• After the physical document creation, the security of the information contained in that 
document is much more dependent on human factors rather than computer based 
security systems. 

• As the partial results (pages printed so far) cannot be sent by telematic means to another 
server, the smallest and indivisible unit of the service is a printing order. Therefore, if 
a job begins to be processed it can be canceled but not transferred to another server to 
finish the task. 

II.2.2.3 Scenario 

The scenario considered in this document is shown in Figure II.6. The agents involved 
in it are client A (demanding the service), client B (part of the vicinity) and the printing 
servers (in different forms). 

Considering the enormous number of different situations that can be derived from the 
scenario shown in Figure II.6, it had been considered two special cases. Those cases are 
presented in Figure II.5 and they are going to be the base of the case study exposed in this 
subsection. As it can be seen, the main difference relies on the fact that the user may not be in 
the direct vicinity of the server. This fact is significant so the need to use new parameters 
arises and the service selection increases in complexity. 
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• Level of security to access the printed documents (e.g. the printer is in a public corridor or 
in a locked room). 

• Encrypted of the file to be printed required. 
Note that if any level of encryption is used, then there should be a mechanism of 

private and public keys in order to allow the authorized receiver to view the protected data. 

Performance 

• Ink and/or Laser printing technology (if both, then it should also be a parameter 
specifying the allowed and/or combinations). 

• Double side printing allowed. 

• Pages per minute achievable. 

• Color printing available. 

• Fax options. 

• High-Performance printer being used (integrated CPU, RAM, …). 

• Modem available. 

• Number or paper trays. 

• Maximum size of the file to be printed. 

• Restriction on the number of pages/user/hour. 

• Maximum time the document will be on queue before being discarded. 

• Minimum transmission rate accepted (client  server). 

• Maximum transmission rate delivered (server  client). 

• Maximum time the printed document will be stored. 

• Availability on sending a progress/completion report. 

• Sleep mode allowed to the client (after waiting the queue or while doing it, the server 
could check the clients presence). 

• Degree of mobility of the printer. 

• Availability of the service. 

Infrastructure 

• Network technologies supported. 

• Integrated printer server or a computer controlled printer. 

• Internet connectivity. 
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• Ad-hoc or Access Point type. 

• Minimum signal level in order to consider the connection feasible to use. 

• Vertical handover allowance. 

• ID of partner servers offering the same service. 

• Vicinity Awareness. 

Accounting 

• Cost per printed page (black&white or color). 

• Cost per page sent by email (if the service allows this option). 

• Cost per page sent by fax. 

• Cost to become a allowed user (subscription fee). 

Historical 

• Average waiting time in the queue. 

• Server ID (which will identify the server as a unique agent). 

• Percentage of completed jobs during a given time interval. 

Compatibility 

• Printer model and manufacturer. 

• Driver version for each printer controlled by the server. 

• Transmission protocol. 

• Name of the service. 

• Code of the service. 

• Allowed paper formats (A4, A3, …). 

• Allowed file formats. 

Satisfaction 

• QoS offered by the service. 

Contextual 

• Paper availability in the trays. 
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• Toner availability. 

• Human supervision (during night hours it could be no one controlling the printers). 

• Queue load. 

• Mobility status: mobile of fixed device. 

• Instantaneous restriction on the service. 

• Stable power supply guaranty from the server. 

• Priority assigned to the client (or priority policy to manage the queue). 

II.2.3 Parameter comparison 

As it can be seen in Figure II.7, the case studies exposed in II.2.1 and II.2.2 reveal 
that both services under study share most of the parameters in the same exact definition. 
Furthermore, the specific parameters are also referring to common concepts and can therefore 
be adjusted to meet at some point which could allow the creation of a service independent 
macro set of parameters. 

One of the biggest challenges that have been identified so far is finding the answer to 
the question: “How to give to the client the capacity of understanding, and therefore selecting, 
a service without any previous knowledge about it?” An analogy in the real world is, when a 
person is approached by a sales man who is offering some kind of service or product that the 
potential customer hasn’t ever heard about the key of the sale relies in the capacity of the 
sales man to explain and convince the client about the product or service being offered. Well, 
in the same way, our client will always have to have a minimum previous knowledge about 
some basic parameters such as service identification code or common name. From this point, 
the client can understand the parameters of the server’s offer and decide how good this one is. 
However, all the agents involved in this process will have to respect some standards in order 
to communicate at the same level. For example, if a provider wants to deploy a public printer 
service then it can’t use any kind of parameters because the client will not understand that 
information unless an advanced intelligence, and probably learning, is implemented. Anyway, 
this is also necessary between human agents…what would it happen if the client only 
understands Japanese and the sales man tries to convince him in German? 

II.3 Considerations 
The realization of the case studies presented in this chapter produced very interesting 

results according to the service description and offer characterization. As seen in Figure II.7, 
the idea of establishing a set of parameters to precisely define the offer of each particular 
external server is the seed where the Template files introduced and explained in the following 
chapters came from. Consequently, the template sharing method implemented in the system 
that has been developed during this Thesis is expected to meet the expectations of a plural 
and generic service description to allow different agents to cooperate using the same 
parameters in the intend of executing service selection, and its derived, procedures. 

At the same time, the concept of the Template can be exported to the client’s side to 
define what it has been called Profile. This file type will define the client’s requirements using 
compatible descriptive elements to allow a fair and logical comparison with the server’s offer. 
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Of course, every service will have to be defined with some specific parameters totally related 
to the nature and definition of this service. Consequently, both template and profile should 
reserve a subset of criterion parameters tagged with a generic and well know name that will 
have different meanings, range of values and magnitude units depending on the service they 
are related to. As it can be seen in the XML templates and profiles included in the 
complementary material of this memorandum, two sample criterion parameters have been 
included in the beta version of the developed system: critparone and critpartwo. 

 
 

 

Figure II.7. The two templates are very similar. Most of the parameters apply perfectly to both 
templates and the ones that differ are related to common concepts. 

In conclusion, service description could perfectly require an entire Thesis to only 
determine the precise parameters and values to be used to define exactly the characteristic of 
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a service. Nevertheless, in this chapter it has been showed that a simpler study reveals that 
the major aspects of a service share common definitions along with other services. These 
common points are the key of structuring a whole description protocol that, once implemented 
in all agents of the system, will provide a powerful tool for service selection and task migration 
issues in mobile and wireless environments. 



 

 

Chapter III 
Thesis Formulation 

Once the context in which this Master Thesis was established has been reviewed, and 
the theoretical concepts used to understand the premises of the ulterior job to be done were 
intended, it was the moment to postulate the contribution of this Thesis. 

This chapter contains the ideas, strategies and evaluation procedures that the author 
has conceived to provide a feasible general solution to the general objectives introduced in 
Section I.1. This general solution entails different particular proposals which are expected to 
cover the needs that motivate and justify all the efforts focused towards the topic of this 
Thesis. Firstly, the concept of the Active Environmental Monitoring Assistance for Mobility 
Issues in Wireless Networks is introduced in a descriptive way that constitutes the 
fundaments of this project. In the second place, the author’s personal view of the expected 
contribution and the potential application of his proposal can be found. This information could 
help future developers to completely understand the motivations and thinking paths that 
preceded all the actions realized as part of this Thesis. Finally, a theoretical example of the 
applicability of the design proposed in this document will conclude the chapter with the 
intention of clarifying and stating the viability of this proposition. 
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III.1 Fundamentals 
The Active Environmental Monitoring Assistance for Mobility Issues in Wireless 

Networks is the author’s proposal to provide to the user’s device and the applications that is 
running (CAPP or Client Application) with a light-in-resource and effective-in-performance 
tool to fairly rate interesting services in order to determine the most suitable server for each 
particular scenario set-up. 

III.1.1 Motivation 

Nowadays the integration of the digital resources in the quotidian life of humans has 
reached a point where the perception of the gates that provide access to the information has 
extended beyond the residential building or the working space. 

In fact, the actual civilization is going towards a total immersion in a constellation of 
virtual spaces that accumulate massive quantities of data, transmitted via a service, ready to 
be used for a wide range of purposes and consumers. As these points in the constellation get 
closer, the number of them that fall into a consumer’s proximity range increases so this 
observer faces a decision process that escalates in complexity. Moreover, the coexistence of 
these service/information providers forces them to differentiate from the rest by modifying, 
often slightly, the characteristics that configure their offer. In this way, it is also important to 
dispose of a technique that adds precision to the selective procedure followed to finally make a 
reasoned and optimum selection. 

At the same time, if a higher degree of mobility is added to this situation, the time 
dependency of a set of information nucleus has to be considered also in this decision process. 
Not only the elements of this set will appear and disappear but the characteristics that make 
them interesting to the consumer will change with time. This dependency pushes the 
consumer to repeat the selection based upon quantifiable magnitudes, and the importance 
factor (a.k.a weight factors) of those to his/her purposes, in order to adapt the acquisition 
processes of information to the changing situation. 

Another important issue is that, since those consumers can freely move away from the 
known and trusted points of access to the different services they may be interested in, the 
greater degree of living-of-the-land needs to be practiced the better the knowledge about the 
surrounding environment must be. 

In addition, it must be noted that a certain degree of compatibility between the 
consumer and the provider needs to be accomplished in order to evaluate every offer with the 
same criteria than the rest. In this way, it is possible to assure that the resultant evaluation, 
either positive or negative, adjusts to those criteria that, on the other hand, can be varied 
along with time depending on the corroboration of this evaluation. 

III.1.2 Active Environmental Monitoring Assistance 

Considering the concepts exposed in III.1.1, the idea of the Active Environmental 
Monitoring Assistant (AEMA) is presented. AEMA stands for an agent which main task is to 
constantly sense the environment in terms of the information services that contains. By 
interacting with this assistant, it would be possible to get updated information about those 
services cataloged as interesting via a previous configuration of the terms of the assistance. 
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The scope of AEMA strictly ends when the client is notified of which one the best 
option is based on the following: own requirements, server’s offer, technological limitations, 
devices’ capabilities and the contextual information. AEMA assures that its clients would be 
notified of all the events that affect them, however, all the issues regarding the preparation, 
execution and ending of a service should be under each client’s responsibility. AEMA is not 
intended to be an interface for service delivery but selection instead. The general functions of 
AEMA should be: 

• Serving as a generic and service independent interface between the user (through the 
applications that he/she is running on the mobile device) and the servers that offer 
any service that could be interesting to this user. See Figure III.1. 

• Creating and maintaining an ordered database where all the compatible services are 
cataloged for its evaluation. This registry would be kept up-to-date by periodically 
inquiring the services in order to detect any change on their status (availability) and 
offer (contextual parameters). 

• Communicating with clients and servers following a pre-established protocol and sharing 
information by the transmission of well known file contents using the XML format. 

• Allowing clients to define a characteristic profile that would contain its requirements 
affecting every particular service to which they are subscribed to. 

• Interpreting the values of the parameters involved in the evaluation for their utilization 
as the inputs of a neuronal network balanced with the importance factors, also 
defined in the client’s profile. This network represents the evaluation tool used by 
AEMA to fairly evaluate each service. The result of this evaluation over all the 
services of the same type would allow a fair comparison between them to establish an 
ordered list of preference when to select the most suitable service/server. 

 

Figure III.1. The 3WA would provide information about the services offered by external servers to the 
CAPPs. Nonetheless, the CAPP will be responsible for establishing the connection and interacting with 
the server. 3WA only manages the service discovery, rating and offering the most suitable option. Then, 

CAPP decides 

• Actively react to the events occurred regarding the external environment by analyzing 
which clients are currently affected by these events. Not only a notification procedure 
must be executed but all the calculations necessary in order to determine how each 
success would affect the best selection for each one of these clients. 
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III.2 Three ‘W’ Algorithm (3WA) 
The 3W Algorithm (3WA) defines the behavior of the AEMA in terms of which steps 

have to be followed to support the CAPP in the service selection process. 3WA considers the 
event acknowledgement, the posterior treatment to calculate if it is a relevant event (that 
creates the necessity of a change) and also the determination of the next best choice. This 
algorithm is implemented in what is called the 3WA-Server (beta implementation of AEMA) in 
the C++ implementation explained in Chapter IV. Of course, the requirement of compatibility 
between the agents shown in Figure III.1 forces the CAPPs and the External Servers (E-
Servers) to implement the necessary functionalities to be compatible with 3WA. The following 
pseudo-code resumes the behavior of 3WA: 

 
while (1){ 
  awareness_of_surrounding_environment(serviceList); 
  for (each_service_in_serviceList){ 
    identify_event(eventList[i]);} //1st W 
  for (each_event_in_eventList){ 
    determine_interested_CAPPs(CAPPlist, eventList[i]); 
    for (each_CAPP_in_CAPPlist){ 
      load_profile; 
      process_event(eventList[i]); 
      perform_calculations; 
      if (been_changes) notify_new_situation;//2nd and 3rd W 
    } 
  } 
} 
 

This method can be seen from the human perspective about how to perform a service 
selection such as which cell phone operator to subscribe to or which car to buy. The author is 
convinced that, regardless of the computational speed that the electronic mobile device (acting 
as the consumer) exhibits, the human behavior facing a selection process from among many 
options available is the lighthouse that will lead the future development on this field of study. 
In this way, the objective that the proposal contained in this chapter follows is providing the 
programmers, of the applications that the user is interacting with, the ability of performing 
reasoned and intelligent choices. 3WA is based on the following questions that arise whenever 
a decision of this kind needs to be considered: 

• “Why should I select a new server?” 

• “When should I do it?” 

• “Where should I move/start my service session at?” 
The WHY stage corresponds to that kind of situations in which an event occurs and 

the mobile device has to face it. This event can be, for instance, the appearance of a new node 
in the vicinity or the connection loss with the former server that was performing some 
processing for the device. This question will be basically answered by monitoring and sensing 
the neighborhood that surrounds the client device. 

The WHEN stage refers to that moment in which the client has to decide whether to 
reconnect to another server immediately or wait until another event occurs. For example, if 
the connection with a known server is lost and the device detects that it is located in an 
unknown neighborhood then it could decide to wait until a feasible server is available. This 
stage launches the service selection due that it finishes when one server is found. If more than 
one server is detected then the next stage should be executed. The information used to answer 
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this question is basically the 5 group pattern introduced in the previous chapter. Specially, the 
context parameters are very useful here. 

The WHERE stage allows the device, once it has decided that it’s the right moment to 
connect to another server, which server to use as the first choice. Here, the service parameters 
need to be carefully compared in order to increase the probabilities of choosing the best server. 

The next phase of the development of this method is to write the structure of the code 
that will implement these three stages. This code should consider, besides the specific routines 
that the platform offers, the parameters and the 5 group pattern mentioned in order to follow 
the right steps at each moment depending on the context, the static and the variable 
parameters related to each particular service. Figure III.2 includes some of the possible 
answers that could be considered when writing the code to implement 3WA. In Figure III.3 
there are shown three situations where the 3WA would consider different answers and, as a 
consequence, decide different actions to perform. 

 

Figure III.2. Basic answers to the three questions that form the dorsal spine of 3WA 

III.3 3WA-Server 
3WA-Server stands for the name that has been given to the C++ implementation of 

the Active Environmental Monitoring Assistance for Mobility Issues in Wireless Networks 
developed to prove the validity of the ideas proposed in this Thesis. Consequently, the 3WA-
Server is the most important and complex agent of those that have been deployed during this 
project (see Chapter IV). As previously mentioned, this agent implements the 3W-Algorithm in 
order to perform the active environmental monitoring and assistance by actively reacting to 
the events that are registered when the visible (and compatible) servers are inquired. 

Since the most important facts of the 3WA-Server will be exposed in the following 
chapter (and an exhaustive understanding can be achieved by revising the code provided in 
the complementary material) in this subsection the reader is introduced to the conceptual 
fundaments of this agent. 
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Figure III.3. Examples on the decision process 3WA will have to consider depending on each situation 

 

III.3.1 Introduction 

In this memorandum it is introduced an idea to provide active management of the 
services offered in the vicinity of a mobile client. Since different applications running in this 
terminal could be interested in the same services, it could be useful and optimal to group all 
the tasks concerning service discovery and service rating in a unique agent. This agent, called 
3WA-Server from now on, would reside in the client and will act as a local server for the 
application running on it. It will be also in contact with the air radio interface to communicate 
with the external servers. The management and storage of the required info (templates, app’s 
profiles,…) could be solved granting to this server to have access to some memory of the 
terminal. The advantages of this centralized and independent agent suggest that its use would 
be very helpful when trying to perform service movement and task migration. 
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III.3.2 General overview 

After analyzing the different functions and data structures that a Client Application 
(CAPP) would need in order to discover, rate and select an external service, it came up a series 
of common points that could be executed just once by a centralized agent. 

The idea is that all the actions concerning with discovering, rating and selecting a 
service could be handled by a local application, invisible to the user, working for the CAPPs 
running on the client’s device. Obviously, there are different degrees of performance and 
optimization depending on the needs and operations the CAPPs need. This centralized agent 
would work as a server for those CAPPs so they could rely on it all the matters about 
neighboring service management. 

In Figure III.1 it is shown a schematic diagram showing this relation and the 
different main elements that should be taken into account. This 3WA local server will work in 
an under layer of the CAPPs, providing them an interface with the “administrative” tasks 
concerning external services. The 3WA will not do or care about the service itself, just how to 
get to it. The usage and result processing will have to be done by the proper CAPP so this one 
would be the one in “direct contact” with the user. 

III.3.3 Description of the 3WA-Server 

The deployment of the C++ implementation was done following the conceptual parts 
and functionalities that this agent is expected to provide. In this subsection, these parts are 
explained in a descriptive way so the reader can achieve a first knowledge about the system 
proposed prior to accessing the contents of Chapter IV. 

III.3.3.1 Communication interfaces 

• Local Master Socket: well known socket that will be constantly “listening” and waiting for 
CAPPs connection requests. This socket has to be occupied the less time possible so a 
thread would be created and a new dedicated socket will be assigned to each CAPP 
client. 

• N Dedicated Sockets: one per each of the N CAPP clients at a given moment. Those will be 
the comm. interface between CAPP and the 3WA server while they are interacting. 

• External Master Socket: this socket will be owned by an E-Server. In this way, the 3WA-
Server will act as a client and request a connection on that socket. How the E-Server 
treats that connection internally is not in the scope of this proposal but the E-Server 
must ensure a continuous and synchronized connectivity in order to transfer, under 
demand, the templates and the contextual parameters in the correct order. 
In Chapter V a possibility of cooperative interaction between two 3WA agents of two 

different users will be introduced. If this option is considered, then a Cooperative Master 
Socket and K Dedicated Sockets would have to be added to the list above. 

In order to optimize the time invested in the deployment of the communications 
modules of the 3WA-Server, it was decided to make full use of the PeerHood tool (see 
Subsection I.3) developed by the Com. Lab. at LUT. This middleware should provide an 
efficient and easy-to-deploy communication interface with the E-Servers (external agents) and 
also the CAPPs (local agents). 
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III.3.3.2 Interaction between 3WA-Server and CAPPs 

The way CAPP and 3WA interact is based on the launching of different events that 
will cause different reactions depending on the kind of situation associated with that event. 
There are two approaches considered so far concerning the communication type between 
CAPP and 3WA. These are: 

• Connection oriented: the CAPP will ask for a connection and this one will be maintained 
until the CAPP ends. This approach implies only one connection establishment but it 
could be a waste of resources if there are not so many events occurring during the life 
time of the CAPP. As it will be seen, the C++ implementation explained in Chapter IV 
uses this approach. A continuous connection is expected to be the best option when a 
refreshment rate of the environmental information below 60 seconds must be used in 
order to adapt the 3WA-Server’s performance to a very entropic environment. 

• Event oriented: the connection will be established every time an event occurs and, after 
doing the proper treatment, it will be closed. This approach means that the 3WA has 
to act as a client to the CAPP when it is the source of the event which would add an 
extra complexity degree in the development and operation of 3WA. 
The events considered so far are the ones shown in Figure III.4. Regarding the ones 

included in that table, more events would have to be considered when implementing future 
beta versions of the 3WA and performing the necessary tests to prove its stability. 

 

Figure III.4. Events launched by both the CAPP and 3WA. One event could serve to describe more than 
one situation. 

III.3.3.3 Interaction between 3WA-Server and E-Servers 

As any other protocol prosecutes, there will have to be some rules stated and followed 
by clients and servers in order to allow this system to work properly. 

The 3WA will be “listening” over the air radio interface (directly or using a under 
layer that provides the proper functionalities) to detect the advertisement of different services 
in the vicinity. 

As explained in previous documents included in the Complementary Material, the 
idea is that the server sends to the client a template containing the parameters describing the 
server’s offer and requirements. In order to save transmission resources, before sending the 
entire template, the server could send only a few identification parameters as ID of the server 
and a list of pairs <service_code_offered, service_version>. With that information, the 3WA at 
the client will check if the sending of the template is necessary or not. By using a middleware 
as it is PeerHood this fetching will not be necessary since this tool will take care of the service 
discovery by itself. 
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Note that when a server changes the version, hence the template, of a service then the 
3WA will have to launch an event to the CAPP to inform that this server may be no longer the 
best option. 

One of the requirements, and hence a limitation that should be considered in 
following versions, of the system presented in this chapter is the synchronization and previous 
knowledge that it must exist between the two agents referred in this subsection. In order to 
avoid excessive overhead in the environment scanning process, 3WA-Server and E-Server 
need to work with the same list of parameters and in the same order. In this way, it is possible 
to pull a set of contextual parameters by only specifying the first item. Of course, this 
approach reduces portability in the sense that all the servers that want to be 3WA-compatible 
should implement the same rules and use the same templates. If a greater generality is 
desired, then a more advanced communication protocol should be implemented to allow more 
freedom by the time 3WA-Server retrieves the information from the E-Server. In addition, a 
XML Interpreter could be implemented in the next generation of 3WA-Servers in order to 
allow the comprehension of parameters and associated values even if the syntax (i.e. the name 
of the parameter) is not shared by both agents. These concepts will be treated as future 
development here since the main objective of this Thesis’ implementation stage it was the 
deployment and testing of the essentials of what it is explained in this chapter. 

III.3.3.4 Template and profile managing 

There are two major data structures considered to allow 3WA’s best performance. 
Firstly, the template of each service and secondly the profile of each CAPP being a client of 
this 3WA server. 

The templates will be stored in some kind of database and ordered in the most 
effective way to perform searches over this template library. Each template will have a version 
code that will allow replacing it when a new version comes out and the server notifies so. 
Obviously, only one copy of each template will be stored and it could be used to serve as many 
CAPPs interested in the corresponding service. As explained in previous sections, the template 
will follow a standardized format so all the agents in the system should work with the same 
template structure and data types. 

The profiles will host information about how the CAPP wants to interact with the 
3WA server. These profiles could be created when a CAPP asks for 3WA service and they 
would be deleted following some kind of storage policy. The configuration of the profile could 
be changed any time under CAPP request and this would be another of the events showed in 
Figure III.4. Note that the profiles will also indicate 3WA how to configure the rating 
mechanism by defining the set of weight factors. 

III.3.3.5 Service rating and ordered service listing 

The services that may interest a particular CAPP will be rated using some kind of a 
neuronal network (see Situation Report in the Complementary Material) that balances each 
parameter of the template using weight factors. By rating the service, the 3WA server will be 
able to reply CAPP’s inquiry with the most suitable service to use.  

When multiple services are available, 3WA will create and ordered list that could be 
used to show the user the different possibilities when manual selection is desired. The list and 
the rates of each service may be deleted right after the CAPP receives the information in order 
to save memory resources. Another storage policy could also be applied. The neuronal network 
will have to be configured with the correct weights to establish the grade based on CAPP 
requirements. In that way, it is obvious that the same service could have different rates 
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depending on which CAPP is being considered. The proposed range of this rating is [0, 1] 
where 0.5 is the minimum value to consider an external server as a total fulfiller of the client’s 
requirements. In addition, the proposed range of these weights is [-1, 1] according to the 
bibliographic references mentioned in Chapter IV related to this mechanism. However, 
different ranges could also be considered as long as they are well known by all the CAPPs and 
the 3WA-Server. 

III.3.3.6 Neuronal network and weight calculation 

The main inconvenient of using a neuronal network approach to rate the service is the 
determination of the weight factors to use in it. There are several approaches considered so 
far, each one of them providing different levels of customization and, therefore, resource 
consumption. These approaches are the following: 

• Customized weights: each CAPP will have to use their own weight system. Using the 
appropriate event, CAPP will train the network, providing for that matter training 
sets (set of inputs, the desired rate and the precision desired) that will give an 
estimation of the weights to be used. This approach will be the one that consumes 
more resources and may not be possible in low performance devices. 

• Pre-calculated weights: the user could use a desktop machine (or any other resource 
available) to train the network. Then, he/she will transfer the weights obtained to the 
CAPP and this one to the 3WA. This approach would save resources while 
maintaining the customization level. However, it will limit the devices independence 
and could be a problem if a reconfiguration must be done and no desktop machine is 
available. 

• Predefined weights: the CAPP could ask to use predefined sets of weights associated with 
the specific service they are interested in. This approach would homogenize the rating 
process and could allow executing one rating for all the CAPP associated with that 
service. In this way, customization is reduced but an important resource saving is 
accomplished. The source of the predefined set could be the 3WA, the external server 
or being preinstalled along with the CAPP. 

III.3.3.7 Complementary functionalities of the 3WA-Server 

Regarding the different functionalities described in the subsections above, there are 
others that 3WA could provide to improve its performance. The most important ones so far 
are: 

• Mobility degree: 3WA could monitor the rate at which the vicinity is changing. By 
considering the mobility degree of the servers an estimation on user’s mobility could 
be calculated. For example, if two different fixed servers have appeared and 
disappeared in a short period, then it could be considered that the user is moving. 
This info could be useful for some CAPP that could pull this mobility degree by using 
a specific event. 

• Notification lists: when different CAPPs are interested in the same service, they could be 
grouped together in a notification list so the notification process would be done in 
parallel for each one of them. In this way, performance would increase considerably. 

• Considering Static and Dynamic parameters: as explained in section 4, the parameters 
could be classified in static and dynamic behavior. That is, how important is their 
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variance along time. This classification would allow 3WA to better manage the 
changing environment and vicinity. 

• Partial training of the network: 3WA could allow the CAPP to modify only a specific 
subset of weights. This modification could be done following the different approaches 
introduced in Subsection III.3.3.6. 

III.4 Example of applicability 
Let’s assume one user working with his/her mobile device. This device will be running 

one CAPP (App1). And this CAPP will be interested in services A and B. There is a 3WA server 
also running on that device. During the explanation of this example there will appear different 
servers offering services A and B. Each server is running only one version of the same service 
and it has only one template associated to it. 

By this example, it will be shown how the 3WA-Server, as a materialization of the 
Active Environmental Monitoring Assistance for Mobility Issues in Wireless Networks, can be 
very useful to build a service mobility environment to perform task migration while the user is 
moving along a multi-service area. 

III.4.1 Initial scenario 

The initial scenario where the action will start is the one showed in Figure III.5. 

 

Figure III.5. Initially, App1 will only be able to access three different services hosted in two different 
external servers 

Here, the interaction between the different agents involved can be resumed with the 
diagram shown in Figure III.6. In Figure III.6 it is shown that the first step (1) is done by App1 
when initiating a service request to 3WA. In that stage the profile is created when negotiating 
the terms of the service 3WA is providing to App1. In a previous (or not) instant, 3WA has 
detected services A1, A2 and B2 because of the advertisement broadcasted by servers 1 and 2. 
Then, after checking that these templates are not available (or if present, they are obsolete) 
3WA requests the reception of these templates [(2) and (3)]. Assume that the ratings 
calculated for the three services reveal that only A1 is suitable for App1 according to its profile. 
Then, 3WA informs App1 that A1 has enough grade to be considered feasible (4). After that, 
App1 decides to establish connection to enjoy service A1 from server 1. (5). 
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Figure III.6. The different agents exchange information using 3WA as the interface between the App1 
and the servers 1 and 2 

III.4.2 Considering service update 

Consider now that server 1 updates some parameters of the template corresponding 
to service A1 (see Figure III.7). 

 

 

Figure III.7. Server 1 updates service A1 so it creates a new template with a new version code that can 
be used by 3WA to detect the need of receiving the new template 

After updating the version of the service A1, server 1 broadcasts now the new version of it. 
3WA, who is listening this advertisement, detects an older version of the template A1 so it asks 
for the reception of the new one (6). This situation causes 3WA to calculate the new rating of 
the service A1 and the notification to App1 (7). Assuming that the grade is still good enough, 
App1 decides to continue receiving the service (8). 

III.4.3 Considering user’s displacement 

At a given moment, user begins to move leading to the scenario showed in Figure 
III.8. 
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Figure III.8. The client moves but the situation only gets better because actually is closer to the server 
than he/she was before 

Now, in spite of the lost of connection of server 2 (that could cause a notification from 3WA to 
the App1 although is not very necessary), App1 doesn’t see any reduction of the quality of the 
service being receive. However, as the user keeps on moving and gets away of server 1 the 
situation changes (see Figure III.9). 
 

 

Figure III.9. The client is still connected to server 1 but the quality of the link has decreased. At the 
same time, another server has appeared into play 

 
Now App1 detects that the quality of the signal has decreased considerably (9). At the 

same time, 3WA detects the presence of server 3 (10) and, since it doesn’t have its templates 
A3 and B3, asks the reception of the corresponding templates. App1 will launch an event (11) 
corresponding to the change of dynamic parameters (signal strength, progress % of the 
result,…). With all this, assume that 3WA determines that A3 is now better graded than A1 
and that B3 is also suitable for use, informing App1 about that matter (12). Then, App1 changes 
from server  1 to server  3 (13) and starts receiving services A3 and B3 (see Figure III.10). 
Obviously, there are thousands of situations that could be analyzed as done above. 
Nevertheless, the mechanism based on monitoring, event launching and service rating it 
would always work the same way. 
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Figure III.10. Since the connection with server 1 gets weaker, the rating of service A1 drops below the 
one calculated for service A3. This will effectively drive the service movement and, hence, the task 

migration by App1 

III.5 Expected contribution 
The idea presented in this document could provide a stable and adaptive interface to 

the CAPPs with the changing external service area where the client is submerged. By 
centralizing all the actions concerning the external services provided by independent servers, 
it is possible to save resources such as computational power, dedicated time, memory and 
others. If the CAPPs can make it to work with predefined parameters, for a specific service, 
then the 3WA will reduce the amount of calculations since it could reuse the results to attend 
other CAPPs. This centralization will also allow easy-to-apply configuration patterns and a 
variety of different directives to 3WA’s operation. 

The main disadvantage is the degree of complexity required to implement all the 
capabilities mentioned in this document. It must not be forgotten that the user’s device may be 
very limited in resources such as CPU, memory, battery lifetime and others. Depending on the 
variance of the environment and scenario, the number of events to treat and actions to take 
could be high enough to enter in a suboptimal and too expensive behavior. 

 

Figure III.11. As the number of dynamic parameters considered increases, the amount of contextual 
information (showing high variance) becomes heavier for the system. This raising up of the contextual 
information implies higher resource usage to update the changing values and, therefore, the time used 
to make a decision increases, hence, lowering the total throughput of the service selection mechanism 

 
As introduced earlier in this document, the parameters affecting the rating of each 

service could be classified in static and dynamic parameters. Static parameters won’t change 
since the last service’s deployment (i.e. number of pages a printer can print per minute). The 
dynamic parameters are those that change with time because of the normal use of the service 
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(i.e. ink level of the toner). Since the change in the dynamic parameters has to be taken into 
account (i.e. signal level drops drastically), an event has to be launched and treated every 
time. Then, dynamic parameters seriously affect the performance of this system but not 
because of the system itself. Any solution adopted for service selection will have to face this 
problem as one of the most important ones. Fortunately, services don’t have the same dynamic 
parameters. For the approach presented here, a low-medium movement for the client is 
considered and the servers are also considered to be stable so the level of dynamicity that will 
have to be faced will not be so extreme that this approach gets discarded even before being 
implemented and tested. 



 

 

Chapter IV 
C++ Implementation 

In order to dispose of a workbench where to analyze the viability of the proposed 
solution in this Thesis, a C++ implementation of the service selection algorithm, and agents 
exposed in Chapter III, has been developed. 

This chapter contains a full description of the created software starting from an 
schematic view that will identify all the independent but, at the same time, inter-related 
agents. Secondly, an explanation of the basis and behavior of these main agents will be found. 
Since the inclusion of the code is not possible in the name of simplicity, many references to the 
.cc and .h files that should had been handled along with this document can be used to consult 
that code in the most comprehensive and faster-to-understand way possible. Thirdly, a deeper 
characterization of the main parts that form the agents introduced in the previous sections is 
provided to the reader in order to let him/her realize some of the problems that had to be 
solved and the solutions that were deployed in order to achieve those goals. After that, a 
detailed documentation about the experiments and simulations done to test the performance 
of the deployed solution is present as its aim is to be more than a sufficient prove of the 
viability of the author’s Thesis proposal. To conclude, the last section includes a critical review 
and the observations that the author, as the “beginner from zero”, has considered important to 
be mentioned explicitly to allow further developers to start from a point of total understanding 
of what has been done during this Master Thesis. 
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IV.1 Schematic overview 
The following figure stands for a general schematic representation of the different, 

and independent, agents (3WA-Server, CAPP-Client and E-Server) implemented to create the 
desired workbench for testing the viability of the 3WA-Server. A complete graphical and 
descriptive explanation of these agents and the main blocks that constitute them can be found 
in Section IV.2 and Section IV.3 respectively. 

 

Figure IV.1. In its most basic expression, the system is formed by: (1) a user’s device running one 3WA-
Server (common to all the CAPP-Clients) and one (but could be more) CAPP-Client and (2) a E-Server 

that running one (or more) 3WA-compatible services 

In spite of Figure IV.1, the reader must consider multiple User’s Devices as well as a 
possible constellation of E-Servers offering a wide and heterogeneous combination of services. 

Note also that, since PeerHood is used to handle the device discovery and 
communication, also Bluetooth and GPRS air radio interface connections could be possible. 
Nonetheless, all the implementation has been focused on the Wlan 802.11 b/g technology. 

IV.2 Deployed agents 
As introduced in previous chapters, the 3WA-Server represents most of the 

formulation of this Thesis. However, two more agents were required in order to test the 
validity of this design. The following subsections offer a detailed explanation of these three 
agents. 

It is important to note that, even the 3WA-Server has been completely developed until 
its Beta Version 2.0, the CAPP-Client and E-Server only contain the implementation of the 
modules required to be 3WA-Compatible. Neither application nor service procedures had been 
deployed since they are alien activities that are not in the scope of this project. 
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IV.2.1 3WA-Server 

In Figure IV.2 the hierarchical thread organization of 3WA-Server is shown. The 
following subsections contain the principals about every thread referenced in the image. 
Nevertheless, consultation and exhaustive study of the code provided in the complementary 
material is recommended in order to achieve a complete knowledge of the 3WA-Server at a 
programming level. 

 

Figure IV.2. The 3WA-Server operates by using four different types of threads which are assigned to 
different tasks, control different objects and exhibit different permanency patterns 
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IV.2.1.1 ENV_MAN 

This is the main thread and, as a consequence, it is in charge of the creation of 
APP_SERV and PH_CLIENT threads. 

Functionality 

The main functions performed by this thread are the following: 

• Initiating the update process of ENVddbb by launching PH_CLIENT every 
DDBB_UPDATE_REFRESH seconds. 

• Regulating the access of the APP_MANs to ENVddbb if there is no new ENVddbb to replace it 
for. The access must be done in a sequential one-at-a-time way. 

 

Figure IV.3. APP_MANs can access ENVddbb one by one at any time. They first register to the waiting 
queue and then, the value of NextAccess is broadcasted and indicates the next APP_MAN to access this 

critical resource. Only when it is time to update ENVddbb or to restart the update process this 
algorithm gets interrupted 

• Controlling that PH_CLIENT isn’t taking more than DDBB_UPDATE_MAX seconds to execute 
the update procedure. If so, PH_CLIENT is forced to terminate and the new ENVddbb is 
deleted. The former ENVddbb will continue in use until the next successful update 
execution. 

• Bypassing the events generated by PH_CLIENT to APP_SERV so this one can deliver one 
copy of these events to all the APP_MANs. If the update process has been forced to 
quit then the pipe coming from PH_CLIENT is flushed and the messages are not 
transmitted. 

Pseudo-code 

initializations; // variables, pointers, pipes, signals... 
ENVddbb_instance; // the original and the pointer to the new one (PH_CLIENT) 
launching_of_APP_SERV; 
set_alarm_for_ENVddbb_update; 
 
while(no_end){ 
  While (no_events) do_nothing; 
 
  if (APP_MAN_asks_ENVddbb_copy) { 
    block_waiting_queue_access; 
    while (no_alarm && no_signal) allow_access_to_waiting_APP_MANs; 
    unblock_waiting_queue_access;} 
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  if (alarm){ //time to laungh the ENVddbb update process 
    if (PH_CLIENT_not_done) terminate_PH_CLIENT; 
    else{ 
      duplicate_ENVddbb; 
      launch_PH_CLIENT(copy_of_ENVddbb_to_update); 
      set_alarm_for_ENVddbb_update_max_time; }} 
 
  if (signal){ //sent by PH_CLIENT to advertise it is done 
    if (modifications){ 
      overwrite_ENVddbb; 
      notify_APP_SERV; 
      bypass_event_messages_to_APP_SERV;} 
    delete_ENVddbb_copy; 
    set_alarm_for_ENVddbb_update;}} 

Data structures 

The main data structures related to this thread are the following: 

• EServ2Clnt, EServ2AMan: pipes for IPC with PH_CLIENT and APP_SERV respectively. 

• ENVddbb, PHClientParam: instance of the current E-Servers database and the duplicate to be 
given to PH_CLIENT to perform the update process respectively. 

• SIGALRM, SIGUSR1: signals used to control when is time to initiate the following update 
process (or if the current updating needs to be terminated) and to notify ENV_MAN 
that PH_CLIENT has completed its task respectively. 

• NextAccess, PhcRunning: integers used to indicate which APP_MAN will access ENVddbb to 
perform its corresponding copying process and to consult if there is an updating 
process being executed respectively. If SIGALRM is activated and PhcRunning is true 
then the maximum time for the update process has expired, hence, the PH_CLIENT 
needs to be terminated and the whole process must be restarted. 

• AccessQueue: contains the IDs of every APP_MAN subscribed to this list. When the list is 
detected to not be empty, the access regulation algorithm is activated until there are 
no more APP_MANs to serve or one of the signals is delivered. 

IV.2.1.2 PH_CLIENT 

This thread exhibits a PeerHood client behavior and is not active all the time. 
Instead, it is created and destroyed for the only purpose of updating its own copy of ENVddbb, 
which was given to it when it was created by ENV_MAN. 

Functionality 

This thread has only one main function. This one has already been introduced and it 
corresponds to the update of the database that holds the information of every E-Server that 
the system is aware of. For each of these servers, the database contains references to all the 
services that have been found and the templates associated to them. See Section IV.3 and the 
corresponding files in the complementary material to obtain more information about the 
structure of this database. 

The auxiliary functions that support the operation of PH_CLIENT are: 
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• Processing the list of devices procured by PeerHood in terms of the services that each one 
of them is providing and which one of these are 3WA-compatible. 

• Adding the new services by requesting the XML template file to the E-Server. 

• Updating the known services by requesting the new values of the contextual parameters 
to the E-Server. 

• Deleting the entries corresponding to the known services which presence has not been 
confirmed at the end of the current update. The whole server’s entry is deleted if none 
of the services associated to it, contained in the copy of ENVddbb received from 
ENV_MAN, or the device are found in the lists provided by PeerHood. 

• Each event generates an IPC message (see Subsection IV.3.4) that will be used by all the 
APP_MANs to act consequently depending on the needs and preferences of the CAPP-
Client that are serving. This messages have the following syntax: 

Pseudo-code 

{ 
  initializations; 
  if (servers_to_check) create_server_list; 
  get_LOCAL_service_list_from_PeerHood; 
  Update(LOCAL, local_list); 
  get_device_list_from_PeerHood; 
  for (every_device){ 
    get_service_list_from_PeerHood; 
    Update(device, service_list);} 
  for (every_unchecked_server) delete_from_ENVddbb; 
  signal_to_ENV_MAN((any_changes)? true : false); 
} 
 
Update(server, service_list) 
{ 
  mark_server_as_checked; 
  if (services_to_check) create_service_list; 
  for (every_service_){ 
    if (3WA_compatible){ 
      connect; 
      if (not_known){ 
        mark_as_checked; 
        add_in_ENVddbb (request_template);} 
      else update_in_ENVddbb (request_contextual_params);}} 
  for (every_unchecked_service){ 
    delete_from_ENVddbb; 
    if (server_offers_0_services) mark_server_as_unchecked;} 
} 

Data Structures 

The main data structures related to this thread are the following: 

• PHClientParam: passed by ENV_MAN. Contains its ID to perform the SIGUSR1 signal and 
the copy of the ENVddbb to work with during the update process. 

• ServList, ServicesList: boolean arrays used to keep a trace of which known servers and 
services had been confirmed and which ones need to be removed from the database. 
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IV.2.1.3 APP_SERV 

This thread executes a PeerHood Server pattern. It is active during all the time and it 
implements the interface with the CAPP-Clients that request the 3WA service. 

Functionality 

The main responsibilities of this thread are the following: 

• Getting the instance to a PeerHood object and register the 3WA service in PeerHood so all 
the CAPP-Clients can find it when polling the local services list from PeerHood also. 

• Attending the incoming connections and, only if they come from localhost, launching a 
dedicated APP_MAN (with its own dedicated pipes for IPC issues) to provide the 3WA 
service to the incoming client. 

• Bypassing the event messages received from ENV_MAN to every active APP_MAN. 

• Terminating a APP_MAN when this one requests so. 

Pseudo-code 

initializations; //variables, APP_MANs’ ID lists and pipes list 
get_PeerHood_instance; 
register_3WA_service; 
while (not_end){ 
  if (incoming_connection){ 
    create_dedicated_bidirectional_pipe; 
    launch_dedicated_APP_MAN; 
    register_ID(pipe.read(APP_MAN’s_ID));} 
  wait_for_event(timeout); //implemented with a select call 
  if (timeout_not_expired){//an event has occurred 
    if (pipe.read(APP_MAN’s_ID)){ 
      unregister_ID(APP_MAN’s_ID); 
      terminate_dedicated_APP_MAN; 
      destroy_dedicated_bidirectional_pipe;} 
    else if (incoming_event_messages){ 
      if (APP_MANs_active) {bypass_event_messages;} 
      else {flush_pipe;}}} 
} 

Data Structures 

The most remarkable data structured related to APP_SERV are: 

• peerHood: pointer that hosts the result of the instantiation of the PeerHood middleware. 

• callback: pointer to the class that contains the function that initiates all the subscription 
process (creation of a new APP_MAN) when a new CAPP-Client tries to connect to 
APP_SERV. This function sets the MasterConnection object. 

• MasterConnection: MAbstractPointer (see PeerHood documentation for further details) 
pointer that allows APP_SERV to handle the initial instants of the connection with 
the new CAPP-Client prior to pass it to the corresponding APP_MAN. This pointer is 
passed to the new APP_MAN as part of the structure AppManPar. 



   Chapter IV: C++ Implementation 
 

 

 
   − 53 − 

• AppManPar: data structure passed to the APP_MAN that contains the information inherited 
by this one from APP_SERV. It contains the pointer to the connection object used to 
perform read and write operations and the file descriptor of the bidirectional pipe to 
use for IPC between APP_MAN and APP_SERV. 

• Pipes, AMthreads and AMtID: lists that contain the file descriptor of every bidirectional pipe, 
the identifier of each thread (return by the pthread_create() function) and each ID 
sent by the APP_MAN upon their creation. 

IV.2.1.4 APP_MAN 

One of these threads is created every time a CAPP-Client connects to the 3WA-Server 
and its behavior is totally based on the event protocol implemented in this project. 

Functionality 

The main functions that this thread develops during its execution time are: 

• Updating of its local copy of ENVddbb based upon the event messages received from 
APP_SERV and performing calculations and notifications to the client consequently. 

• Interpretation of the events received from the CAPP-Client and execution of the proper 
reactions. 

Pseudo-code 

initializations; 
local_ENVddbb_instance; 
neuronal_network_instance; 
pipe.write(own_ID); 
peerhood.send(welcome.txt); //welcome.txt shows local_ENVddbb contents 
while (not_exit){ 
  wait_for_event(timeout); //implemented with a select call 
  if (not_timeout){ //an event has occurred 
    if (activity_from_APP_SERV){ 
      while (event_messages_to_decode){ 
        switch (event){ 
          case 0: //copy ENVddbb to local_ENVddbb 
          default: 
            if (CAPP_interested_in_this_service){ 
              switch (event){ 
                case SERV_FOUND: //… 
                case SERV_LOST: //… 
                case SERV_UPDATED: //…}}}}} 
    send_notification_of_END_of_events; 
    if (activity from CAPP_CLIENT){ 
      peerhood.read(synchronization_request); 
      peerhood.send(synchronization_confirmation); 
      wait_for_event(); //it will arrive for sure, it’s the protocol 
      switch (event){ 
        case 0://CAPP quits 
        case 1://CAPP confirms that it is alive 
        case 2://Add a Service 
        case 3://Delete a Service 
        case 4://Update a Service 
        case 5://Return best server 
        case 6://Train the network 
        case 7://Update Contextual Parameters}}} 
} 
notify_quit_intention_to_APP_SERV //with all the destruction and pthread_exit() 
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Note that the pseudo code corresponding to cases 0 to 7 has been omitted in order to 
preserve the clarity of this abstract description. However, the names of the functions and the 
operations performed within these cases are clear enough to allow the reader to easily 
understand the calculations and notifications that occur there. Please refer to the 
complementary documentation to access the complete version of the code. 

Data structures 

The main data structures are the following: 

• OwnDDBB: pointer to the local copy of ENVddbb. It is updated while the event messages from 
APP_SERV are being decoded and interpreted. 

• NNet: pointer to the object that allows all the operations related to the neuronal network 
that it is used to rate each service, including the execution of the back propagation 
algorithm (see Subsection IV.3.3). 

• CAPP: reference to the CAPPprofile type used to organize and manipulate the information 
about the services in which the CAPP-Client is interested in. The information sent 
along with the XML profiles is stored in this structure.  

• ConnInfo: pointer to the structure of the same type of AppManPar. It gets a copy of the 
information that this one passes from APP_SERV. It contains the pointer to handle 
the PeerHood connection and the file descriptors of the pipe. 

IV.2.2 E-Server 

The implementation of this agent has been totally focused in the consecution of an 
entity that could provide to the 3WA-Server all the information necessary and doing so 
following the appropriate protocol. 

Nonetheless, no services were implemented since this issue has never been and 
objective of this project. 

Functionality 

The behavior required to each E-Server is characterized by the following goals: 

• Allowing testers to modify/consult the set of provided services as well as the modification 
of the contextual parameters, at any time that these ones could consider necessary, 
through a textual interface and a basic command selection. 

• Accepting connections originated by PH_CLIENT and transferring the corresponding 
XML templates and/or contextual parameters to allow the ENVddbb update process to 
succeed. 

• Modification of the parameter critparone based upon the lecture of the RSSI (Bluetooth) 
and the signal strength from proc/net/wireless (Wlan 802.11 b/g). This modification 
is for testing purposes only. The real implementation may vary depending on its 
nature. 
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Pseudo-code 

initializations; 
services_ddbb_instance; 
while (not_end){ 
  if (incoming_connection){ 
    wait_for_event(timeout); //implemented with a select call 
    if (not_timeout){ //an event has occurred 
      peerhood.read(event, service_id); 
      if (not_valid_service_id) {abort_connection;} 
      else{ 
        switch (event){ 
          case 1: //transfer XML template (no break, go to case 2) 
          case 2: //set CRITPARONE and transfer contextual parameters}}} 
    else {abort_connection;}} 
  if (user_press_any_key){ 
    show_textual_menu; 
    get_selection; 
    switch (selection){ 
      case 1: //subscribe a new service (to PeerHood) 
      case 2: //unsubscribe an active service 
      case 3: //update contextual parameters for an active service 
      case 4: //list all active services 
      case 5: //quit}} 
} 

Data structures 

The main data structures involved in the execution of an E-Server are: 

• peerHood, callback and connection: (idem. to APP_SERV) 

• DDBB: pointer to an object of the same type than ENVddbb. It holds the information about all 
the services that a particular E-Server is offering. 

IV.2.3 CAPP-Client 

Similarly to the E-Server, this agent has been conceived only to support the 
development and testing of the 3WA-Server. Therefore, only the essential functions are 
supported in order to assure a total compatibility with it. 

Functionality 

The main trends of the execution of this agent are: 

• Allowing testers to perform various operations over the set of services that this CAPP-
Client is interested in such as: notifying a new service to trace, training the neuronal 
network used for evaluation or requesting an ordered list of the available servers and 
their corresponding grade. The user interface that allows this actions is analogous to 
the one implemented in the E-Server. 

• Establishing a connection to thread APP_SERV and exchanging event messages and 
notifications with thread APP_MAN afterwards. The synchronization is very 
important in order to compromise the integrity of the data, sent by APP_MAN, that is 
buffered and waiting to be read by CAPP-Client. 
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Pseudo-code 

initializations; 
while (not_end){ 
  wait_for_local_event(timeout) //implemented with a select call 
  if (not_timeout){ //a local event has occurred 
    switch (local_event){ 
      case 0: 
        peerhood.send(I’m_alive_message); 
        peerhood.rcv(I’m_alive_confirmation); 
        while (not_END_of_events){ //Flushing the incoming buffer of any 
          EventInterpreter(event);//event message that could be stored 
          Peerhood.rcv(event);} 
      default: 
        if (activity_from_APP_MAN){ 
          while (not_END_of_events){ //Flushing the incoming buffer of any 
            EventInterpreter(event);//event message that could be stored 
            Peerhood.rcv(event); 
          } 
        if (user_press_any_key){ 
          peerhood.send(synchronization_request);}}}} 
} 

Note that the main activity of this program is to interpret the messages coming from 
the APP_MAN. In order to be sure that a user command can be send and all the actions that it 
involves realized in perfect harmony with this thread, the user order will not be initiated until 
all the messages previously send have been interpreted and treated. After that, the 
synchronization indicators send from APP_MAN will notify that this one is ready to accept 
user commands. (See Figure IV.4). 

Data Structures 

Besides the common PeerHood objects introduced earlier in these sections (peerHood, 
connection and callback) there are no significant structures worth to be commented out of the 
code. 

IV.3 Basic functional blocks 
In this section a complete description of the main aspects of the objects and classes 

specially defined and implemented for this project can be found. However, the reader is 
encouraged to access the referenced files in the complementary material for further 
understanding. 

IV.3.1 XML Parser 

As introduced earlier, the information about the E-Server offer and CAPP-Client 
requirements is transmitted via XML files that correspond to the templates and profiles 
respectively. 

The structure of these XML files is based on the tag-container structure imposed by 
the XML convention. The explanation of any technical aspect referring to XML is out of the 
scope of this project. 

The implemented XML parser corresponds to the DOM approach which is 
implemented as an internal operation of the XmlDataStruct object class by using the 
functionalities of the libxml++‐2.6[18] library. 
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Figure IV.4. The synchronization between CAPP-Client and APP_MAN is very important when a user 
command needs to be transmitted and processed as explained in Subsection IV.3.2 

The XmlDataStruct objects represent the smallest information unit created in this 
project. It offers the possibility to store the information contained in the XML files (templates 
and profiles) in a formatted and organized way. After a document has been parsed, strings, 
integers and float values are available to be used for different purposes such as database 
managing, server indexed searching and neuronal network training. 

In the complementary material samples of templates and profiles in its XML variant 
can be found. The templates are quite simple so there is no need for explanation after the 
visual inspection of them. The profiles are more complex XML files. 

The current version of the XML profiles contemplates the configuration of a three 
layer neuronal network. Up to the current beta version, twelve parameters have been defined. 
Even they have been selected from the list exposed in Chapter II, the precise meaning and 
usage of them is not the main issue at this point. Until now, all the efforts had been focused to 
get the whole algorithm of active environmental monitoring working properly. In conclusion, 
these twelve parameters represent a test set that will have to be modified in future actions on 
this Thesis’ topic. 

Continuing with the profile contents, it is important to highlight the two types of 
attributes used in the node definition of the parameters and the first layer (input layer) 
weights. These are the following: 
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• weights: definition of the weight factors that relate a parameter with the three inner 
nodes contemplated so far. These weights are separated by the + character. This 
attributes conform w_matrix_1 shown in Figure IV.7. 

• type: if specifies if the value given is a maximum limit (type=1), a minimum (type=0) or 
boolean (type=3). The nature of this value is explained in Subsection IV.3.3. 
As the parameters tag defines the first layer of the neuronal network, the performance, 

security and contextual tags specify the weight matrix (w_matrix_2) for the second layer (or 
inner layer). The out tag is analogous, however, since only one output is defined in the third 
layer (or outer layer) then a 1x1 matrix by the attribute of this tag. 

Finally, the network tag indicates, via its attribute layertf, the type of transfer 
function used by the network. 

IV.3.2 Database objects 

The storage of the information regarding user’s preferences (profiles) and server’s 
offers (templates) it is a vital mechanism in this project. All the parameters need to be 
accessible and ordered to avoid mismatches when comparing template versus profile in the 
grading mechanism, the neuronal network. Therefore, it is required to maintain the integrity 
of the database by operating with the precise indexing so the total equivalency between 
environmental database (ENVddbb) and the local grades database (known as CAPPlist) where 
the last grade assigned to a service is stored. The deployed objects can be catalog within one of 
the three levels of abstraction as explained in the following subsections. Lower and medium 
levels are grouped to form medium and higher level objects respectively, as seen in Figure 
IV.5. Please refer to the .h and .cc corresponding files for specific C++ code information. 

 

Figure IV.5. Each level is indexing objects of the previous level. No third level has been design since 
APP_MANs attend only one CAPP at a time so a object similar to DDBB was not needed 
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IV.3.2.1 XmlDataStruct: basic storage unit 

This object is defined to form the document level of abstraction. When constructed, it 
can be configured to be the container for a template or a profile. The main difference between 
these two types is that the profile also contains various structures related to the weight factors 
required to configure the dedicated neuronal network used by APP_MAN to server its CAPP 
client. 

As mentioned in IV.3.1, this object implements the XML DOM parser via a member 
function that accepts the name of the XML file to parse as the unique input parameter. In 
order to develop the most general object possible, the structures that hold the values are 
basically List types which represent a more suitable option than the static arrays. 

The main functionalities provided by this objects, through the call of its public 
functions are: 

• Parsing and verification of XML templates and profiles. After this call, all the information 
contained in these files is organized by type and meaning for its further use. 

• Exporting and importing the information stored in the object. 

• Allowing performing an identity check by means of service_id, service_name, 
server_group and/or server_id. The whole set of these specifies is only available for 
objects containing information parsed from a template. 

IV.3.2.2 CAPPprofile: client’s grade storage unit 

This object corresponds to an organized wrapper for Level 1 objects. It corresponds to 
the abstract definition of a CAPP (the client of an APP_MAN). The index consistency is very 
important in order to map properly each grade with the E-Server that is rated with that 
grade. In Figure IV.6 it is shown a conceptual representation of the CAPPprofile object. As it 
can be noticed, there is one column for each service in which the CAPP is interested in. This 
column hosts the grades of the E-Servers offering that particular service in the order they 
appear in the environmental database (ENVddbb of type DDBB). Therefore, in the definition 
of the thread APP_MAN two types of indexes are considered: 

• Absolute index: the one that allows the APP_MAN to cross refer ENVddbb when, for 
example, searching for the second E-Server and/or the first service that it provides. 

• Relative index: the one that allows the mapping between the contents of the CAPP’s grade 
lists and the information about the E-Servers held by ENVddbb. In this case, the 
same E-Server can be identified using different relatives indexes since, according to 
the example of Figure IV.6, E-S_C is represented by index 2 for service sidN but by 
index 3 for service sid2. 
The main functionalities provided by this objects, through the call of its public 

functions are: 

• Adding/removing/updating a service in which CAPP is interested in. 

• Exporting/importing the profile data regarding a specific service. 

• Searching for a service filtering by the service id (i.e. 00001.000a). 

• Adding/removing/updating a grade for a particular service. 
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• Accessing either a specific grade (by using the relative indexation) or the complete list of 
grades associated to a particular service (by using an absolute indexation to cross 
refer the services subscribed to a particular CAPP). 

 

Figure IV.6. Conceptual representation of the CAPPprofile (left) according the contents of the 
environmental database (right). The indexing of the first one corresponds to the horizontal indexing of 

the second.  

IV.3.2.3 SERVprofile: E-Server’s template storage unit 

SERVprofile is the analogous expression of CAPPprofile to define an abstract E-
Server so its contents would correspond to one of the columns of the table shown on the right 
side of Figure IV.6. The main difference between this object and CAPPprofile resides in the 
type of the XmlDataStruct objects used from the Level 1 of abstraction. They use the template 
type and the profile type respectively. In spite of the similarity between these Level 2 objects, 
the set of functionalities provided by them differs in the following aspects: 

• The type of the Level 1 objects that can be exported/imported. 

• The functions which objective is to identify/search for a particular service provided by the 
E-Server described by SERVprofile (i.e. ServiceIdIterator()). 

• The function defined to bulk all the contents of the object to an empty object of the same 
type. This functionality was added in order to allow the ENVddbb duplication 
performed when launching the PH_CLIENT thread and the update of the local 
ENVddbb used by the APP_MANs. 

For the rest, the same functionalities can be found in both types of Level 2 objects. 

IV.3.2.4 DDBB: environmental database 

This object represents the higher level of abstraction (Level 3 as shown in Figure 
IV.5) to define the service environment. The table exposed in the right side of Figure IV.6 
stands for the conceptual representation of this database which is the culmination of the data 
storage and management of the information captured by the PH_CLIENT when sensing the 
environment. 

As introduced earlier in this chapter, a copying procedure is implemented in order to 
create a duplicate object used by PH_CLIENT and APP_MANs. Each entry of DDBB 
corresponds to one of the visible E-Server that will be rated for those CAPPs which are 
interested in any of the service that this server is offering at every particular moment. 

Since a precise mapping between this object and those of Level 2 is a strict 
requirement, the set of member functions defined for DDBB is more complete and powerful 
than those corresponding to Level 2 objects. By inspecting the PH_CLIENT and APP_MAN 
thread code, the reader can easily get a good idea of the flow of information and the changes it 
suffers in the way this data is represented. For example, the PH_CLIENT retrieves the next 
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E-Server’s id to inquiry from PeerHood. Then, the absolute index can be demanded to DDBB 
when the check list for the services detected in the last update needs to be created. After that, 
when the next service’s id is retrieved from PeerHood also and inquired then the relative 
index of the mentioned E-Server is demanded again to DDBB in order to send the proper 
message event back to ENV_MAN for its retransmission to APP_SERV. Basicly, the nature of 
the index to be used is determined by the type of event, and consequent action, considered at 
the moment of interaction with DDBB and/or CAPPprofile. 

The main functionalities provided by this objects, through the call of its public 
functions are: 

• Creation/deletion/update of an entry associated to an E-Server. 

• Consultation on the number of E-Servers and the services they offer. 

• Requesting indexation values (absolute and relative). 

• Requesting the server and service id associated to a given index. 

• Listing the services related to a E-Server’s entry. 

• Duplicating the contents of the entire DDBB to bulk them to an empty instance of the 
same type. For example, copying ENVddbb to OwnDDBB of an APP_MAN. 

IV.3.3 Neuronal network 

In this subsection a detailed overview of grading mechanism based on neuronal 
networks technique is provided. Nonetheless, if the reader considers the need of acquiring a 
theoretical background further beyond the concepts exposed here he/she is encouraged to 
access that material from [19], [20] and [21]. 

The main function of the neuronal network is to provide a grade within the range [0, 
1] where the value 0,5 corresponds to the minimum grade that guaranties fulfillment. This is, 
when the error between all the values of the profile and the template are equal then the 
corresponding grade is 0.5. If only one of the parameters offered by the E-Server is not 
fulfilling the user’s requirements then, no matter how good is the rest of the offer, the grade 
assigned will be below 0.5. In this way, the 3WA-Server will always rely on a grading 
mechanism which provides a quantitative value for E-Server to be compared, listed, ordered 
and statistical treatment. 

IV.3.3.1 Structure definition based on the XML profile 

The NNetwork.cc and NNetwork.h files define the object that allows the APP_MAN to 
configure a dedicated neuronal network to grade the E-Server’s for its particular CAPP-Client. 
This one indicates how this configuration should be done by specifying the different weight 
factors that define the network in the XML profile sent for each subscribed service. In Figure 
IV.7 these weights are identified and grouped, showing the generic structure and potential of 
the NNetwork designed and implemented for this project. As it can be seen, there are three 
layers and, therefore, three matrices that constitute the value of each connection between one 
element of a layer and another element of the following layer. 

The current implementation contemplates a set of twelve input parameters, N=12, 
three nodes forming the Input Layer, M=3, and one node in Inner and Output Layer, K=1. This 
structure was developed for testing purposes. The configuration of a different network is only 
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matter of modifying the weights attributes of the different nodes of the XML profile. The 
different dimensions of the network are related to the XML profiles contents in the following 
way. Note that all weights should be within the range [-1, 1]: 

• weights attributes of each parameter will have the same number of values and this 
number will have to be equivalent to M. These values will form matrix α[ ] since every 
one of these attributes will define a row of it. 

• weights attributes of every node at the same hierarchical level than <parameters> will 
have also the same number of values and this number will have to be equivalent to K. 
Every one of these attributes will define a row of matrix β[ ]. 

• N is determined by the child nodes (one per each parameter) contained in the parent node 
<parameters>. 

• weights attributes of the last node, called out, configure matrix γ[ ]. 

 

Figure IV.7 Neuronal network used generic structure. 

The nature of the attributes type and layertf are explained in the following 
subsections. Assume that the last node (network) was conceived to define the technical 
characteristics of the neuronal network even that only layertf has been currently 
implemented. 

IV.3.3.2 Neuronal node 

The elements contained in the Input, Inner and Output layers are known as neuronal 
nodes. This nodes attempt to simulate, in a gross manner, the never cell (neurons) of the 
biological (human or animal) central nervous system. It borrows from the neurophysiological 
knowledge of biological neurons of such biological neurons. It thus differs from conventional 
(digital or analog) computing machines that serve to replace, enhance or speed-up human 
brain computation without regard to organization of the computing elements and of their 
networking. Regardless the accepted standard definition of a multiple-input neuronal node as 
shown in Figure IV.8 (left)[22], the neuron implemented in this project has been modified to the 
model introduced in Figure IV.8 (right). 
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One of the obvious differences is the double set of input parameters. The modified 
neuron takes N pairs of values corresponding to the profile and the template value for the 
same parameter. Using this inputs, the difference is calculated and then, depending on the 
type of requirement (pi, i=1, …, N), the result is normalized using pi or ti. Here is where the 
type attribute mentioned earlier applies. If pi is conceived as a maximum value then type is 0 
but, on the contrary, if the profile specifies a minimum value for pi then type is 1. Boolean 
values are type=3. Finally, the normalized value is filtered using a Symmetrically Saturated 
Linear Filter (SYMSAT) to limit the result within the range [-1, 1]. Before the output of this 
transfer function is added to the rest, compensation is done by multiplying it to the weight 
factor related to this parameter. All this processing is done to feed the network with the error 
between the requirements sent by CAPP to its APP_MAN and the E-Server’s offer sent to 
PH_CLIENT. The type control allows a proper normalization so errors between two big values 
will not make insignificant the errors between low magnitudes. For example, the case of a file 
maximum size (Mbytes) versus the milliseconds of the waiting time on a queue. Note that only 
the nodes of the Input Layer perform this normalization. The rest of the nodes directly insert 
the input in the saturated transfer function. The second filter will be explained independently 
in the next subsection. 

 

Figure IV.8. Conventional definition of a multi-layer neuron (left) and the modified neuron 
implemented for this project (right). 

IV.3.3.3 Adaptive grade filtering 

As introduced at the beginning of Subsection IV.3.3 the final grades to evaluate a E-
Server’s offer must within the range [0, 1]. Since the neuronal network exhibits an output 
range, prior to the outer filter, of which the upper limit varies depending on the matrices of 
weights, it was necessary at some point to implement an adaptive transfer function or 
adaptive outer filter (last module of the right-sided schema in Figure IV.8) rather than using a 
standard non-adaptive one. In order to make this possible the following modifications were 
realized: 

• The SYMSAT was biased to produce an output between 0 and 2. The first consequence of 
this filtering is that two E-Servers offering very high errors for the same parameter 
would saturate the input of the filter and, from now on, this error would be for both 
the same and equal to 2. If more resolution is desired, it is only matter of modifying 
the pass band of this filter in NNetwork.cc. The outer filter is biased in the same way. 
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• As shown in Figure IV.9, the output of the network (before the outer filter) corresponding 
to the minimum fulfillment (normalized set of inputs = {1,…,1}) would fall into the 
saturated part of this non-adapted filter. Therefore, there would be the same output 
(the grade before normalization) to all the fulfilling E-Servers. 

 

Figure IV.9. Initially the TF of the outer filter of a cell is centered at the zero horizontal coordinate. The 
shift sets the inflection point of this filter to the input produced when the profile and the template are 

identical, which is the minimum required for fulfillment. 

For this reason, as soon as the network is configured with matrices of weights, α[ ], β[ ] and γ[ 
], a shifting value for adaptation is calculated by running the network with a normalized set of 
inputs equal to {1,…,1} and with all the nodes deactivating their outer filter. In this way, from 
the configuration start-up the network will be adapted to the range of values associated to 
that particular configuration. As it can be noticed, extreme network outputs (which are the 
inputs to the outer filter) would fall in the saturated region of the filter so they will get the 
same value. If more precision is desired then it is only a matter of modifying the filter’s 
mathematical expression in NNetwork.cc. 

• Finally, the exit of the outer filter needs to be normalized in order to provide a grade 
between 0 and 1. In order to avoid that an E-Server, which is not fulfilling some of the 
user’s requirements, gets a grade higher than 0.5 (by providing a very high positive 
error for some highly weightened parameter) a punishment rule will be applied if any 
of the nodes of the Input Layer detect that even only one parameter is not being 
fulfilled. In conclusion, if the E-Server is fulfilling all the requirements then the 
normalization will be done using the expression 

 0.5     (4.1) 

since the outer filter is biased to saturate between 0 and 2 and the Shift corresponds 
to its central value ,as shown in Figure IV.9, then Shift practically equals 1. If the E-
Server is not fulfilling then a punishment correction is applied in order to never allow 
a non-fulfiller to get a grade superior to 0.5. In this way, a CAPP-Client can be sure 
that if the rating for a E-Server is greater or equal than this threshold then all its 
requirements (expressed via the XML profile sent when subscribing the service to its 
APP_MAN) are met. The punishment expression is 

 0.5    
 

 (4.2) 
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where MaxOutput is the value generated by the neuronal network (before 
normalization) for the maximum set of normalized inputs, which is {2,…,2}. 

IV.3.3.4 Functionality 

The main functions provided for the neuronal network object implemented in this 
project, NNetwork, are the following: 

• Configuring the network by introducing matrices α[ ], β[ ] and γ[ ] and the outer filter 
expression (layertf). This action involves the calculation of the shift in order to adapt 
the outer filter as explained in Subsection IV.3.3.3. 

• Setting the network inputs. Those are the sets {p1,…,pN} and {t1,…,tN} which are used to 
calculate the normalized set of inputs. Due to the saturation limits of SYMSAT this 
normalized values are within the range [0, 2]. Checking for total fulfillment is also 
done in this call. 

• Running the network based upon the last previous configuration and inputs settings. 

• Exporting the set of waits, that is to say, matrices α[ ], β[ ] and γ[ ]. 

• Training the network which allows the CAPP-Client to approximate the set of weights to 
use in order to achieve a target grade, with a certain tolerance or error margin, for a 
set of particular training templates, describing hypothetical or real E-Server’s offers, 
given to the dedicated APP_MAN. 

The training is a desirable tool in order to achieve, in future development stages, an adaptive 
learning based on past and present experiences. It must be noted that in the current beta 
version of 3WA-Server this auto-learning is not implemented but the algorithm for the 
training it is. This training could allow the CAPP-Clients to not having to transmit matrices α[ 
], β[ ] and γ[ ], instead, it could select the best server first rated with an standard set of 
weights for a particular service. Then, while being served or after the service delivery, CAPP 
could execute some benchmarking in order to establish an own grade adjusted to its needs. 
Using the template of the chosen E-Server, this own grade and an specified tolerance 
APP_MAN could run the training algorithm to start adjusting that standard set of weights to 
a dedicated set more suitable to CAPP. 
The implanted algorithm is the Back-Propagation algorithm. The reader will find plenty 
information in the references mentioned in this section. The main idea is that, by modifying 
the set of weights according to the current error between the output and the target, it is 
possible to compress or expand the linear constellation of grades assigned to every possible set 
of normalized inputs {n1,…,nN}. At the same time, the refreshed weights produce a different 
shift to adapt the displacement of the set {1,…,1}, hence, a new output is observed from the 
outer filter. The effect that this modification produces is that the grad, for a given set of 
normalized inputs (calculated with the CAPP’s profile and the test template), hops iteratively 
in the direction of the gradient of the mentioned error. In Figure IV.10 it can be seen a 
representation of this compression (also could be an expansion if the gradient of the error 
would be changed in sign). This is due to the fact that the set of combinations is limited for 
{n1, …,nN} is fixed but the total range that its constellation occupies varies depending on the 
value of the weight matrices from [0, 0] to [0, TotalMax], where TotalMax is the network’s 
output (before the outer filter) when all the weights are to set to its maximum value, 1, and 
the input normalized set is {2,…,2}. 
The following pseudo-code corresponds to the implemented back propagation algorithm. It is 
important to point the fact that some modifications have been done to the standard definition 
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for this algorithm consulted in the bibliography referenced in this section. First, the algorithm 
has been modified to work with the adaptive filters explained in the previous subsection. 
Second, the η parameter (which is a growth factor for the ‘hop’) has been redefined to be 
adaptive depending on the tolerance and the particular ηi, where i is the index of the multiple 
training templates used simultaneously. In this way, the algorithm tries to adjust the next 
hop according to how high is the ζi (error between the current output and targeti). Third, the 
algorithm keeps track of the current status for each training template. Only when all the 
targets have been accomplished the algorithm is considered to be successful. The parts which 
are not referenced in this section can be consulted in the referenced documentation [19], [20], [21] 
and [22]. 

initializations(); 
for(every_training_template){ 
  mark_as_unaccomplished; 
  calculate_norm_inputs; 
  check_fulfillment; 
  save_norm_inputs;} 
generate_pseudorandom_weights(shift); 
adapt_outer_filters(shift); 
while(!end){ 
  load_norm_inputs(i); 
  run_the_network(); 
  calculate_unnormalized_error(error); 
  if (|error|<tolerance(i)){ 
    mark_as_accomplished; 
    eta(i)=0;} 
  else{ 
    if (|error|<0.1){calculate_average_eta();} 
    else {use_own_eta(i);} 
    calculate_second_layer_error; 
    calculate_first_layer_error; 
    update_gamma_weight_matrix; 
    update_beta_weight_matrix; 
    update_alpha_weight_matrix; 
    adapt_outer_filters(shift);} 
  modular_increment_of_i; 
  if (all_accomplished) {end=true;}} 

 

Figure IV.10. The backpropagation algorithm increases or decreases the weights based on the sign and 
magnitude of the error between the current output and the target. It approximates the set of weights by 

‘hopping’ until it reaches the vicinity of the target 
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IV.3.4 IPC messages and event protocol 

The active monitoring is an activity which fits almost perfectly with the concept of 
cause and reaction based associated tot information processing systems. Therefore, a simple 
but effective protocol to transmit all the necessary information to describe an event became 
necessary at some point. The chosen implementation, introduced in this subsection, allows to 
the PH_CLIENT to communicate indirectly with the APP_MANs (via ENV_MAN and 
APP_SERV afterwards) and transmitting the necessary information to APP_MAN to map the 
contents of OwnDDBB to the grade list maintained in the CAPPprofile object. A second 
purpose of this protocol is to extend the destination of this information, previously treated 
according to the current profile loaded for each particular service, to the CAPP acting as the 
client the APP_MAN is dedicated to. Consequently, two different types of messages were 
defined and two different mechanisms of communications are used in order to transmit this 
information. These are: 

• Event messages: also known as IPC (Inter-Process Communication) messages are 
generated by PH_CLIENT to inform APP_MAN about the consequences of the last 
ENVddbb update. The syntax is shown in Figure IV.11 (see Appendix !!! for further 
information). Every field of this type of message is converted to ASCII characters, 
compacted in a buffer and separated from the others by a NULL character. Two 
functions were specifically implemented in 3WAServer.cc to perform the codification 
and decodification (SendIPCevent() and RcvIPCevent()) and a third one to retransmit 
the message but not decoding it (ByPassPipes()). 

The event messages circulate through the pipe structure illustrated in Figure IV.2. This 
circuit is formed by the following segments: First, PH_CLIENT sends the event messages to 
ENV_MAN using the unidirectional pipe called EServ2Clnt. Second, ENV_MAN adds a 
heading update ENVddbb command to this burst and transmits it to APP_SERV via the also 
unidirectional EServ2AMan pipe. Third, APP_SERV sends a complete copy of the event 
message burst to all the APP_MANs running on that moment using the bidirectional pipe 
contained in the inherited structure known as ConnInfo at the moment of the creation of 
APP_MAN by APP_SERV. 

EVENT_ID | SERVER_ID | INDEX | SERVICE_ID 

Figure IV.11. Syntax of the IPC messages generated by PH_CLIENT, bypassed by ENV_MAN and 
APP_SERV to all the APP_MANs. The index identifies the corresponding entry in ENVddbb 

 

• Notification messages: these are the messages sent to the CAPP from its dedicated 
APP_MAN to inform about the reactions or consequences that certain event message 
produced. The syntax of this notification messages is shown in Figure IV.12. In this 
case, there is one specific function implemented to create and transmit this messages 
and its name is SendEvent2CAPP(). In this case the communication mechanism is 
provided by PeerHood with the Read() and Write() commands. In Appendinx !!! a 
complete list of all the notification types can be found. 

To conclude it is important to mention the fact that there are two special notification messages 
and they have been previously introduced in Figure IV.4. First, the END_OF_EVENTS that 
marks the end of the notification burst generated as a consequence of APP_MAN receiving 
either event messages from APP_SERV or a client’s command from CAPP. This message is 
used by the CAPP-Client program to detect when all the messages have been interpreted and 
to avoid blocking in a Read operation on the PeerHood socket. Second, the synchronization 
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pair (request and permission) to maintain the integrity of the data buffered in the PeerHood 
socket and waiting to be read and also to make sure that APP_MAN is waiting in the proper 
context to treat a client’s command. 

NOTIFICATION_ID | SERVER_ID | SERVICE_ID | AUXILIARY_SERVER_ID | GRADE 

Figure IV.12. Syntax corresponding to the notification messages. Note that, depending on the nature of 
the message, some of the fields may be empty since, for example, there is not a second E-Server 
associated to a particular notification like “server 3WA-0000A is lost, there are no more server 

available” 

IV.4 Prototype testing 
The test stage that is described in this section intends to prove that the ideas and 

solutions proposed during this Thesis are feasible since they are based upon reasonable 
thinking and a solid theoretical base. 

The reader must be aware that the experiment described below, even the fact that 
may not seem professionally rigorous, has been realized using the most strict and serious 
method that the time, resources and the author’s experience allowed. 

IV.4.1 Main objective 

The main objective of the test has always been to prove the active environment 
monitoring capabilities of the 3WA-Server, which should allow this agent to inform its clients 
in a fast and event oriented way about the changes that may occur if they are of the clients’ 
interest. 

Some of the secondary objectives involved are the following: 

• Correct synchronization and communication of the different information paths. That is to 
say, between the threads within the 3WA-Server and also between the CAPP-Clients 
and the E-Servers. 

• Stable and unambiguous update of the external servers and services Data Base 
(ENVddbb). 

• Proper behavior and corresponding results of each one of the Neuronal Networks used to 
attend every single CAPP-Client. Especially attention needs to be paid to the 
BackPropagation Algorithm for the network’s training. 

• Control of the reactions of each Application Manager when new events are received, either 
from the CAPP-Client’s side of those received internally from the Application Server. 

• Confirmation of proper event emission and reception. 

IV.4.2 Expected results 

Using the notes compiled during the development stage of some of the most 
complicated parts of the code, the fulfillment of the objectives listed in the Subsection IV.4.2 
was expected. Nonetheless, also the appearance of some “bugs” was taken into account. 
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Before a full experiment was run, the following critical parts were predicted. Based 
upon these expectations, a very exhaustive attention was paid to these actions while the test 
was being executed. The result of each iteration was monitored using a log file that was 
intensively analyzed after the test’s finalization. The mentioned critical parts were: 

• Index integrity when a registry is deleted from ENVddbb as a consequence of the loss of a 
service (or a complete server). 

• Event notification messages order as they are bypassed from the Environmental Server to 
the Application Server for its further distribution to the Application Managers. This 
order had to be exactly the same used to inquiry all of the External Servers found 
during a ENVddbb update process. 

• Order, format and contents of the messages send from the Application Manager to its 
CAPP-Client. These procedures are very important since they define the degree of 
understanding exhibited by this client. 

• Behavior of the access regulation algorithm that allows Application Managers to access to 
a copy of ENVddbb. 
In conclusion, the expected results of the simulation described above pointed that the 

solution is, in fact, feasible and stable. Moreover, the first simulator deployed during the 
previous stage (consult GANT’s diagram available at the Appendixes section) also supported 
this optimistic expectations. However, the appearance of wrong operations and processes 
failures where presupposed and foreseen in order to debug the most likely to crash fragments 
of code. 

IV.4.3 Simulated scenario 

The test that has been selected to be included in this memorandum simulates the 
scenario showed in Figure IV.13. In this situation, a user running CAPP1 on his/her terminal 
is performing some actions that push this CAPP1 to be interested in acquiring the services 
00001.000a (Printing Service) and 00002.000b (Image Recognition Service) from whichever 
server is available. At the same time, the user is moving following the route showed in Figure 
IV.13 from server 3WA-0000B to 3WA-0000A. Consider also that user’s device is running its 
both services. 

All the aspects related to the server/service discovery, network technology dependant 
procedures and reception/sending of information were managed by the PeerHood middleware 
(see Section I.3). 

In addition, the reader must consider the possible link failures due to inherent air 
radio interface communication and simulated (intentionally generated) failures in which a 
service (or services) is deactivated for a particular server. These simulated connection errors 
had been used to recreate service loss when the user’s device gets out of a server’s range. In 
order to avoid the negative effective of real connection failures during the test, multiple 
iterations in the steps shown in Figure IV.X5 have been executed as explained in Subsection 
IV.4.4. 

To conclude, the following characteristics of the different agents involved in the 
simulation must be considered. Since the inclusion of all the templates and profiles that 
configure the requirements of the CAPP1 and the offer of the servers is not possible in the 
name of clarity, to access all the values used for every different parameter, the reader is 
encouraged to review the files included in the extra material that should had been provided 
along with this copy of the memorandum. The mentioned characteristics are: 
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• CAPP1 configured the neuronal network to consider parameters #1, 2, 3, 4, 5, 8, 9 and 10 
respectively to those contemplated in the current version of the profiles 
00001_000a.xml and 00002_000b.xml. 

• The requirements for the service 00002.000b were more strict that those of 00001.000a 

• E-Servers 3WA-0000A and 3WA-0000B were configured to offer identical performance for 
the same service but the offer for service 00002.000b was superior to the offer for 
00001.000a. 

• LOCAL server was offering a better offer than the two E-Server for parameters 1, 2 and 8. 

• Contextual parameters CRITPARONE and CRITPARTWO were designed to stand for the 
signal strength and number of CPU cores available respectively. 

IV.4.3.1 Ad-hoc attempt 

The use of an Ad-hoc network comprising the following equipment was considered as 
the first option to realize the test. This equipment was: 

• 1 Desktop working as the external server 3WA-0000A 

• 1 Laptop working as the external server 3WA-0000B 

• 1 Netbook as the user’s device 
All of them would be using the same Ad-hoc network. The idea originally was to read 

the signal strength that the simulated user’s device (the netbook) was perceiving from the 
other two machines. This value was going to be acquired using the Linux wireless tool 
command IWSPY (see corresponding Linux man page) that is specially designed to get this 
sort of measure node to node. 

At the end, all the Ad-hoc deployment was discarded since none of the wireless cards 
mounted on the mentioned machines were compatible with that tool. Obviously, IWCONFIG 
was updating the proc/network/wireless file but that value only corresponds to the measure of 
the signal strength perceived from the Access Point (AP). It can’t be used in Ad-hoc mode. 

The lack of time forced to change the experiment to another kind of deployment that 
could allow the 3WA-Server to have a measure of how weak was the signal perceived by the 
client from both servers. 
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Figure IV.13. User is moving following an undulatory pattern from the vicinity of the server 3WA-
0000B to the surrounding area of server 3WA-0000A 

IV.4.3.2 Wlan consecution 

The situation, at this point, was the following: all of the available machines for the 
experiment were only able to get a signal strength value, if working in infrastructure mode, 
using a wireless AP as the central connection node. This situation was problematic because of 
the fact that the client, in whichever machine it was, would perceive the same signal strength 
value all the time. So the distance between the AP and each one of the servers would be 
masked by the distance between the AP and the client, common to both connections. 

The solution came out by considering a reference point modification. Instead of having 
static servers and a moving client, the test was going to be performed by effectively moving 
both servers (run on the Laptop and Notebook) taking as a reference point the AP. In this 
approach, the AP would represent the user’s device antenna and the Desktop would be used as 
a remote monitoring device. 

The key of this movement simulation is the CRITPARONE parameter. Each E-Server, 
prior sending the contextual parameters to the 3WA-Server, reads the signal strength value 
from the file /proc/network/wireless and updates the template for a particular service. In this 
way, it’s possible to emulate the node to node signal strength polling that should be possible 
using an Ad-hoc approach and the IWSPY tool, executed by the 3WA-Server for each detected 
E-Server. See Figure IV.15. 

 

Figure IV.14. Since the AP stands for the user’s device antenna, the signal strength perceived by the E-
Servers can be used to quantify how close they are from this user 
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Considering an isotropic radiation from the AP’s wireless interface, the scenario 
showed in Figure IV.13 could be simulated as shown in Figure IV.15. 

 

Figure IV.15. By redefining the observer and changing the mobility status of the servers it is possible to 
simulate the scenario considered in the previous figure 

Regarding the available space at the 6th floor of the IT Department at LUT, and since 
all the points within a same strength representation circle are considered to exhibit the same 
signal strength, the execution of the experiment was moved from the schema shown in Figure 
IV.15 to the one described in Figure IV.16. In this way, the realization of the experiment 
would be more feasible considering the map of the floor where the Com. Lab. is located (see 
Figure IV.17). 

 

Figure IV.16. Assuming isotropic radiation, the experiment can be reproduced following almost 
identical displacement patterns for both machines hosting the external servers 

Once the procedure followed to perform the experiment has been explained, it is time 
to move to the next subsection in which a detailed description of all the steps executed can be 
found. The reader must note that the precise location points where the servers should be 
placed in each step had been determined approximately (see Figure IV.17). A more exhaustive 
execution would have implied the use of some sort of reference location system such as GPS 
location. However, the aim of this experiment was to show the proper behavior of the proposed 
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algorithm rather than gathering very precise data. So it is considered to be correct as for the 
scope of this Thesis. 

 

Figure IV.17. By placing the approximate angle formed by the lines that connect each simulated 
position (1-5) with each E-Server it is possible to determine the points where the servers should be 

placed in the real scenario 

To conclude this subsection, the following aspects about the configuration of the 
experiments should be considered. The contents of the XML templates and profiles are not 
relevant at this point. As explained earlier in this chapter, the E-Server allows the definition 
of new contextual parameters. These values were altered at some point during the simulation. 
As pointed out in this subsection, the CRITPARONE holds the value of signal strength that 
each server is receiving from the AP. This one is the only contextual parameter that changes 
automatically in this experiment. The rest of them shall be set up manually. 

IV.4.4 Test execution 

The events that occurred during the simulation are marked as well in Figure IV.15. 
The combination of events that could take place is enormous since there are so many variables 
affecting such a complex situation. Therefore, it would be a very interesting future action to 
repeat this experiment as many times possible in order to cover a wide range of situations and 
hence fully stress the system’s capability to adapt to all kind of events to occur. 

As indicated earlier in this chapter, unpredictable errors could mask the performance 
of the 3WA-Server so as greater the number of results per each step (see Figure IV.15) is the 
better since it would be possible to study its behavior with median values instead of absolute 
ones. For this reason, the 3WA-Server was configured to perform 100 iterations in each step 
and record the following values in .txt log files for a posterior statistical analysis using 
MATLAB. Those values were: 

• Calculated grade for each service offered by E-Servers LOCAL, 3WA-0000A and 3WA-
0000B. 

• Consumed time to update ENVddbb (action performed by the thread PH_CLIENT). 
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• Consumed time to copy ENVddbb to the local database used by the dedicated thread 
serving CAPP1. 

• Consumed time to process an event message burst (the events generated when updating 
ENVddbb) by the dedicated thread serving CAPP1. 

• Absolute value of the signal strength as read from proc/net/wireless (in dB) by E-Servers 
3WA-0000A and 3WA-0000B. 

IV.4.4.1 Initial settings 

The initial settings of the experiment were the following (listed in chronological 
order): 

• Installation, compilation and execution of the PeerHood middleware in the three machines 
mentioned in Subsection IV.4.3.1. 

• Placement of the profiles 00001_000a.xml and 00002_000b.xml in the directory 
files/CAPP1 (consult the complementary material) specifying the requirements of the 
respective services. 

• Placement of the templates 00001_000a.xml and 00002_000b.xml in the main directory of 
the E-Servers specifying the offer of each server for each service. 

• Launching of the E-Server agent in the Laptop and the Notebook and subscribing the both 
services for each server. 

• Launching the LOCAL server in the Desktop and initialization of the CAPP-Client. 

• Placement of the Laptop and the Notebook in their respective position 1 (see Figure 
IV.15). 

• Configuring a ENVddbb refreshment rate of 90 seconds. 

• Initiation of the 3WA-Server and connection to it from the CAPP-Client. 

• Subscription to services 00001.000a and 00002.000b by the CAPP-Client to the 3WA-
Server. 

IV.4.4.2 Moving servers 

Each E-Server (executed in the Laptop and Notebook) was moved following the paths 
shown in Figure IV.17 and Figure IV.18. Both machines were displaced to the points tagged 
with the same number. For each step 100 iterations were executed with an interval of 5 
seconds and the results were remotely and continually monitored from the Desktop. 

IV.4.4.3 Run-time simulated events 

There were introduced three simulated events during the execution of the test. 
Obviously, the number of them and its combination could have been much more complex but 
also the interpretation of the results and this would have been out of this demonstration’s 
scope. The simulated events, listed in chronological, order were: 



   Chapter IV: C++ Implementation 
 

 

 
   − 75 − 

• 3WA-0000B server disappeared. The E-Server application was intentionally turned off to 
simulate the loss of communication between the user’s device and the server. It 
occurred when 3WA-0000A moved from position 5 to 6. 

 

Figure IV.18. Chronological organization of the steps followed to execute the simulation 

• 3WA-0000A server suffered a drastically increase of queue load for service 00001.000a 
(parameter #10) at position 4 of its displacement. This value rose up to 6, when the 
maximum required by CAPP1 for service 00001.000a was 2. 

• 3WA-0000A server disappeared. This event simulated the last position of the user’s 
movement where he/she can’t detect the presence of none of the servers. It occurred 
after the step 6 was finished. However, a seventh group of 100 iterations was not 
performed since it is obvious that only LOCAL was active and its associated grades 
(corresponding to services 00001.000a and 00002.000b) would had remained constant 
as they did during the previous steps. 

IV.4.5 Commented results 

Once the .txt log files were generated as a consequence of the set of repetitions 
mentioned above, the results were analyzed and plotted for a better comprehension. Since the 
messages printed to the standard output by every agent are totally self-explicative, in the 
following subsections different graphs can be consulted along with the author’s comments 
about the implications of these results. 

IV.4.5.1 Service grading 

As observed in figures IV.19 and IV.20 (left side) the rating for both services offered 
by server LOCAL remains constant since the signal strength is not considered for this 
particular case. Since its offer was insufficient in terms of parameters #!!!!!, its grade for both 
services remained under 0.5. Nonetheless, LOCAL was, at some point, the second best option 
since one of the E-Servers was too far away from the client to be eligible. 
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Figure IV.19. Representation of 100 samples of the calculated grades (left) and the median of these sets 
(right) per Step and per E-Server regarding service 00001.000a 

Based on the median values (right side) shown in this subsection, server 0B was the 
best option until Step 4 for both services. Then, 0A achieved the best grade since the signal 
strength that was receiving was good enough to fulfill all the user’s requirements. However, in 
Figure IV.19 (right side) it can be seen that 0A drastically drops below 0.5 when its queue load 
parameter increases up to 6, which is over the maximum established by the CAPP1. At 

 

Figure IV.20. Representation of 100 samples of the calculated grades (left) and the median of these sets 
(right) per Step and per E-Server regarding service 00002.000b 

this moment, since 0B was already too far away, LOCAL achieves the best grade even that 
neither server was actually offering an acceptable service. Since the queue load for service 2b 
didn’t suffer that change, 0A remained the best option for this service since it reached that 
status at Step 3. 

Reviewing the graphs on the left side it is possible to notice a separation between 
accumulations of samples for servers 0A and 0B at steps 2, 3 and 4. This effect is due to the 
fact that the signal strength sent by the E-Servers fluctuated enough in various iterations to 
make the corresponding grades to get values separated from the median value of the 
corresponding step. For example, in Figure IV.20 at Step 2, 0A receives the major part of the 
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sample grades below 0.5 but, since the signal strength went down the 30 dB in absolute value 
for various iterations at Step 2 (see Figure IV.26, to the right), the grades corresponding to 
these iterations raised up near 0.8 since all the parameters were being fulfilled at that precise 
moment. The negative effect of these fluctuations is that they increase the overhead associated 
to a change of best server. To reduce this effect, the following solution was implemented at the 
E-Server’s program. The concept is to ‘window’ the signal strength value in a sense that all the 
values that fall into the same ‘window’, which is defined to have an odd longitude in terms of 
real numbers, are converted to the center value of the ‘window’. So, for example, with a 
window size of 5, values 6 to 10 would be converted to 8. In this way, the fluctuations would be 
reduced but at the cost of losing precision in the measure. Finally, it is necessary to mention 
that the grades with value 0.000 (see Figure IV.20, left side)  correspond to unpredicted 
connection errors which are inherent to the 802.11b/g technology.  

In Figure IV.22 it can be seen the effect of the variation in the measure of the signal 
strength also. Since this parameters showed different values for the same step, many 
containers (in blue) appear. In despite of this fact, the behavior of the rating mechanism (the 
neuronal network) seems to work since the biggest number of grades corresponds to those 
containers that include the median values showed in figures IV.19 and IV.20. Also note that 
the container around the grade 0 is much populated for server 0B than for server 0A. The 
reason is that at the last step, 0B was already out of range so it was deleted from ENVddbb 
which is equivalent to a grade of 0. Considering 100 of those zero values, in the histograms of 
the right side it can be checked that not more than 100 unpredicted connection errors occurred 
while serving 00001.000a and almost none for 00002.000b 

 

Figure IV.21. Time consumed by thread PH_CLIENT to update ENVddbb is shown as the 
representation of 100 samples (left) and the median of those (right) per Step 

IV.4.5.2 Environmental database update time 

The thread known as PH_CLIENT, which has been introduced and explained in this 
chapter, is the responsible to update the general database containing the information about 
the surrounding environment. During the experiment the time consumed by this thread was 
stored and the results are plotted in Figure IV.21. These plots reveal that the update process 
delay remains mostly around 5 seconds but in the last step. The explanation for that decrease 
is that at Step 6, only servers LOCAL and 0A were still online. It is logical to think that, if 
most of this delay is a consequence of the characteristic communication delay of the 802.11b/g 
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technology, the cease of one of the E-Servers would produce this event since the external radio 
connections drop in almost a 50%. An important conclusion can be extracted at this point: the 
most important responsible of the delay exhibited by the 3WA-Server when updating is not 
caused by its own behavior but by the technology to which this one relies its communication 
procedures. 

 

Figure IV.22. The histograms represent the number of grades (100/E-Server/step) within one of the 20 
ranges (containers) in which the interval [0-0.9] has been split 

IV.4.5.3 Environmental database duplication time 

Every time that ENVddbb is updated, a 0||0| event message is sent from ENV_MAN 
to all the dedicated servers known as APP_MANs. This message indicates to APP_MANs that 
a new version of ENVddbb is available so they need to access and copying it. The following 
figure contains the information related to the time consumed during this duplication 
procedure. As it can be observed, the maximum delay is below the 0.06 seconds which is a very 
good response time considering that this action is the biggest time consumer of all the actions 
involved in the treatment of the event message burst. Therefore, it can be concluded that the 
acquisition of the new environmental information doesn’t seem to represent a problem and 
this is important since this is a critical step in any action-reaction event based system. 
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Figure IV.23. Time consumed by the dedicated thread to copy ENVddbb for local usage. This thread is 
of the type APP_MAN and was serving CAPP1 

IV.4.5.4 Event messages processing time 

The graph included in Figure IV.24 allows the determination of an approximate value 
for the processing time of the dedicated APP_MAN that was working in conjunction with 
CAPP1. This delay has been calculated as the difference in time between the moment that the 
event message burst is detected by the APP_MAN until the END OF EVENTS notification is 
sent to the CAPP1. Consequently, by subtracting the duplication time explained in subsection 
IV.4.5.3 it is possible to conclude that the processing time of the APP_MAN should not be a 
problem in highly entropic circumstances when a lot of events need to be treated and the 
corresponding results notified to the CAPP1. 

IV.4.5.5 Signal strength 

The value of the signal strength is the only real contextual parameter that has been 
used in this experiment. Therefore, it was important to keep track of the values that were 
being sent to the 3WA-Server from the E-Servers. The interesting aspect of the registered 
values during the different iterations performed along with the six steps is that this value can 
exhibit a variance of even 10 dB. The consequence of this is that, for steps 2, 3 and 6, the 
signal strength was hopping up and down the limit (30 dB) established by CAPP1. Obviously, 
the precise determination of this parameter and its proper treatment is extremely important 
since it affects, as noted in Subsection IV.4.5.1, the stability of the grading system and hence 
the notification mechanism that finally affects the decision taken by CAPP1. 

IV.5 Critical evaluation and observations 
To conclude this chapter it has been considered convenient to briefly resume the 

author’s self evaluation and the observations concerning the most important parts that form 
the system deployed to support the active environmental monitoring proposed in this Thesis. 

In the first place, note that the different agents exhibit the expected behavior and 
especially the threads involved with the 3WA-Server. Their synchronization has been proven 
to be effective and no dead locks have been observed. However, a deeper study on the resource  
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Figure IV.24. Time consumed by the APP_MAN serving CAPP1 to process the burst of event messages 
that was receiving from APP_SERV after every ENVddbb update. This time includes the notification to 

the CAPP1 

 

Figure IV.25. The absolute value of the signal strength value read from /proc/net/wireless by E-Server 
3WA-0000A 

consumption it is recommended in order to detect possible glitches and optimization points 
from a point of view of an advanced C++ developer. As far as the author’s knowledge about 
multi-threading systems allowed, it can be concluded that the thread structure proposed for 
the 3WA-Server is suitable and offers a high level of performance. In addition, the ENVddbb 
access regulation algorithm has also proved to work by imposing a FIFO regulation and 
preventing the access of the APP_MANs only when ENV_MAN performs the update on that 
resource. Nevertheless, another algorithm could also be implemented. Since the APP_MANs 
are maintaining a complete and local copy of ENVddbb per each, it may be a good future 
implementation update to allow cooperative and simultaneous access to the original resource, 
thus saving the storage space currently occupied by each local copy. 

Secondly, the recorded delays shown in Section IV.4 indicate that the proposed system 
is totally able to operate in a very changing environment. In fact, it can be guessed that the 
underlying technologies for wireless communications would be the first limiting factor rather 
than the time consumed by the 3WA-Server to perform its internal activities. Nonetheless, the 
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Figure IV.26. The absolute value of the signal strength value read from /proc/net/wireless by E-Server 
3WA-0000B 

database update process could still be improved by adding some statistical mechanism to keep 
track of the behavior of the surrounding servers in order to detect, for example, that a server 
is highly stable or that another server it has been appearing intermittently since the last two 
hours. Of course, this approach would affect the update time from another point but the gains 
of this kind of study could save resources in the short-medium term of operation of the 3WA-
Server. 

Thirdly, the main aspect of the desired performance (finding the best E-Server) has 
been proved as concluded after a hundred iterations test. As seen in the previous section, the 
advice that the 3WA-Server would provide to the CAPP-Client is the correct one based on the 
expectations introduced in Chapter III. It is true that some iteration concluded with an 
apparently erroneous result but it has to be considered that actually it was a undesired 
fluctuation of the result rather than an erroneous conclusion. This fluctuation is 
technologically dependant and will force to implement, in the near future, some hysteresis 
transitory control to avoid these entropic and malicious variations. 

To conclude this chapter, the following ideas for further implementation development 
have been listed: 

• Usage of a general and unique environmental database which should be shared in parallel 
by all the APP_MANs that require accessing its contents at the same instant. 

• Keep statistical track on the behavior of the external servers in order to detect 
unpredictable, suspicious and/or undesired patterns. 

• Fixing some bugs in the code that make the 3WA-Server crash when a CAPP indicates 
that it wants to stop receiving the service. Also some unexpected behavior has been 
detected when a E-Server does not follow the communication protocol or doesn’t offer, 
by some unknown reason, the service that PeerHood associated to it. 

• Ease network configuration in terms of number of nodes per layer and the connections 
between them by using a .config file or similar. Also the hard decision about 
fulfillment could be modified in the interest of the CAPP when required. Currently, 
fulfillment is denied if only one parameter is below the expectations and this 
philosophy could be too strict in special cases. 

• Definition of a more sophisticated XML profile to support new functionalities.



 

 

Chapter V 
Conclusions 

To conclude the exposition compiled in this memorandum, this chapter has been 
written intending to transmit to the reader the key abstract ideas that the author would use 
to answer the question: “How was your Thesis?”. However, these conclusions should not be 
read without, at least, having a look to the most important sections of the rest of the 
document. In addition, the comments that appear in the following pages are personal and the 
result of the author’s background and conductive paths followed during the development of 
this thesis. As said at the beginning of this document, constructive critical observations will 
always be welcome. The second part of the chapter is dedicated to introduce the main ideas for 
future development. This information has been compiled during all the execution of the project 
and intends to serve as a guideline or starting point from the fore coming developers. 
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V.1 Final conclusions 
There are various phenomenons to consider when talking about the term Service 

Selection in wireless environments. In the first place, the rapid increase of complexity suffered 
by this type of communications deployments has made more difficult the action of “finding a 
way through” as we move along an area covered by many different service providers. Is not 
that this diversity is a negative contribution of a technology in expansion and its growing 
related markets but a need to perform decisions and, thus, invest time if a random behavior is 
not a chance to be considered. In addition, the heterogeneity of this environment has reached 
such a level that comparing even two service offers can represent a non trivial task since so 
many parameters, equal in nature, different in form, can be used to describe exactly the same. 

As introduced in Chapter II, there are five general groups of parameters that come to 
play when a service selection must be performed. The important issue to consider is that these 
parameters are mostly to be not only related with the rest of their own group but with some 
parameters of the other groups as well. Consequently, two elements were applied to the scope 
of this project since their contribution to the service selection was expected to provide resource 
saving and positive solutions. First, the use of a neuronal network provides a powerful tool for 
taking into account all these inter relationships and also allows to balance them with the 
appropriate importance. This mechanism offers a high flexibility and adaptability to the needs 
of each particular client application running in the user’s device willing to receive the active 
monitoring assistance. Secondly, after defining particular values for some important 
parameters within this five group organization, it has been proved that an extrapolation of 
general parameters can be achieved in order to define a general set of parameters which 
allows a generic source of compatibility and proper specification at the same time. This 
general item has been implemented in the form of the Template and Profile file types. 

Reviewing the abstract concepts of Advising, Consulting, Counseling or Coaching it is 
possible to identify the active monitoring proposed in this project with a Cause-Reaction 
schema. Therefore, the thread structure and the related communication procedures 
implemented in the 3WA-Server are considered to be valid. Since this approach first analyzes 
and detects the causes and then generates or proposes an adapted reaction, the client 
applications dispose of a system which allows them to perform reasonable decisions and 
actions depending on their particular context. These are the fundaments of the active 
monitoring as they represent the motivation which preceded the C++ code of the threads in 
charge of general management, environmental sensing and database update, service 
initialization and coordination and, finally, dedicated service delivery. Also the event 
messaging and notification protocols were designed to meet the Cause-Reaction situation. 
Another important observation should be done to the fact that multiple tasks involved with 
the active monitoring assistance have been implemented in a concurrent pattern. Although 
various clients could need to perform the same tasks at the same precise time, the nature and 
way the information is handled varies and should be adapted to each particular case. 
Nonetheless, a deeper study on the concurrent actions such as database access could reveal 
that a centralized approach could achieve a new degree of performance in the case of, for 
example, the thread in charge of updating the environmental database. 

Before concluding this section it is important to point out some of the results observed 
after the testing stage of the C++ implementation deployed in this project. The following list 
contains the most remarkable perceptions of its behavior: 

• The critical time consuming operations exhibit a more than tolerable delay considering 
the limitations introduced by the nature of most of the services to be taken into 
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account. In fact, the computational delay within this time consumption is negligible in 
comparison to the one introduced by the network technology. 

• The stability and confidence on the results given by the neuronal network has been totally 
proved. Furthermore, the wrong results were just not erroneous but not accordant to 
the real situation. This discordance was produced by the signal strength indicator 
provided by the network technology rather than a wrong processing performed by the 
neuronal network. 

• The set of treated events seems a good first approach as it reacts to the basic situations 
that could arise considering mobile devices in wireless environments. However, 
increasing this set is a must in order to consider a real implementation of the active 
monitoring system proposed in this project.  

• The template/profile approach doesn’t represent an inconvenient in terms of delay. Since 
the maximum file size considered so far doesn’t exceed the 0.5 Kbytes, the transfer 
time between sender and receiver will not be a problematic issue. At the same time, 
the current version of the profile may not be optimum in terms of creating and 
modifying its contents. Moreover, the set of parameters to consider should be revised 
since its determination wasn’t a defined goal of this project. 
Finally, the major concerns about the viability and application of the active 

monitoring proposed in this document are listed below. These factors will need a further and 
deeper analysis in order to establish its limits of influence and to detect and evaluate suitable 
solutions. These tasks are out of the scope of this project thought. These concerns are: 

• Security: not only the integrity of the 3WA-Server must be ensure when considering the 
time this one is connected to external, and mostly unknown, servers. Local and viral 
applications acting as clients could make a non desirable usage of the system. For 
example, one of this infiltrates could even replace the real 3WA-Server in order to 
modify the results for the best server so the user would be always forced to connect a 
pay-per-use server related somehow with the viral agent. The level and type of 
security hasn’t been considered in this project but it has been identified the need for 
identification and authentication as well as trust related issues. 

• Priority of Service: the current version of 3WA-Server doesn’t consider any kind of priority 
which is a common aspect in multithreading and concurrent computing. Obviously, 
not all the client applications will have the same priority and, within the same CAPP, 
different levels of priority could be assigned to the services. In this way, if a low 
priority service is notified with the same best server than a high priority one, then the 
grade for the first one could be lowered considering the existence of a limited resource, 
such as cost or some sort of queue limit, which disables a parallel servicer deliver to 
both services. 

• Adaptive Learning: the biggest limitation of the current deployment is the fact that the 
weight balance of the network remains static until the client application decides to 
train the network. Providing an adaptive learning pattern to 3WA-Server would 
exponentially increase the ability of it to automatically modify these weights 
according to the changes in the context of the surrounding environment. For now, the 
weights can only be established manually and this should be understood as the first 
approach towards a more complex and powerful weight managing system. 

• Compatibility: the “Aquiles tendon” of the current version of 3WA-Server. Enabling the 
capability to understand different kinds of templates describing the same service is 
quite far away from the actual system. Even that this project established the bases 
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and stands for the first approach to active monitoring based on the PeerHood 
middleware, the compatibility degree has been identified as one of the first challenges 
to face following development efforts. The current limitation relies on the fact that the 
parameters need to be identically tagged and ordered to allow a proper rating. Of 
course, the implementation of a generic and platform independent interpreter would 
increase complexity but the benefits are really worth the try and the cost in resources 
if a medium-high degree of optimality is achieved. 

V.2 Future development 
This section offers the most remarkable guidelines for future development as they 

have been conceived by the author. Nevertheless, it is highly probable that fore coming 
developers synthesize a new set of needs and ways to implement them after accessing the 
contents of this memorandum and the Complementary Material. It is the aim of the author for 
this following subsection to serve as a possible start point for fresh brainstorming to keep the 
fundaments of his particular vision of the Active Environmental Monitoring Assistance for 
Mobility in Wireless Networks (A.I.M.A) alive. The term short refers to the next beta version 
of the C++ implementation deployed in this project. Further implementations in different 
programming languages and deep restructuration and/or implementation changes will be 
considered long term activities. 

V.2.1 Short-term 

The proposed shot term updates of the active monitoring system proposed in this 
memorandum are the following: 

• Debugging the current beta version of the three agents involved in the active monitoring 
process which are the 3WA-Server, CAPP-Client and E-Server as explained in 
Chapter IV. The major bugs reported at this point are related to the end of execution 
of a dedicated APP_MAN thread when a CAPP-Client launches the quit order, the 
behavior of the PH_CLIENT thread when an E-Server doesn’t follow the protocol for 
transmitting the contextual parameters and the behavior of the XML Parser when a 
schema mismatch is detected. 

• Updating the current version of the XML profiles in order to perform a weight matrices 
dimension checking procedure to assure that the definition of the neuronal network is 
logical and correct. Also a new way to define the nodes contained in the Inner Layer 
and the Output Layer is recommended. In addition, the definition of a new and more 
complete set of parameters in this file would be advisable to support new features as 
the statistical trace of the E-Servers. 

• Controlling and recovering from the possible errors that can arise during the 
communication between the 3WA-Server and the agents CAPP-Client and E-Server is 
necessary. The current version doesn’t contemplate the actions to perform when, for 
example, a profile to send is not found in the proper location or if a I/O operation 
based on PeerHood return an error. 

• Defining a new version of the Outer Filter explained in IV.3.3.2 in the sense of expanding 
the non-saturated margin of this transfer function. By doing so, it will be possible to 
increase the precision in the determination of the grade assigned to an E-Server. If 
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the SYMSAT filter’s saturation margin is also modified then it will be possible to 
better discriminate the servers of which offer is either extremely good or bad. 

V.2.2 Medium-and long-term 

The future guidelines listed in this last subsection will derive in a high degree of 
modification. It is expected that some of the main data structures will have to be redefined 
and new ones could become a need. These guidelines are the following: 

• Designing an adaptive environmental sensing protocol to replace the existing one which is 
performed by the PH_CLIENT thread. Among many approaches, one possibility could 
be to update and inquiry only those E-Servers who offer an interesting service for 
either one CAPP or wait until a certain number of them subscribe to that particular 
service. This approach would reduce the time consumed to perform this update when 
a low load of CAPPs and the services they are subscribed to is considered. However, a 
transitory initial stage will appear when the CAPP start a new session so they would 
be ‘blind’ until the next update if the service it subscribes to hasn’t been demanded by 
any other contemporary CAPP. 

• Unifying the environmental database in order to keep one permanent instance (the official 
one) and only one copy maintained only when the update process is performed by 
PH_CLIENT. Consequently, local copies in the dedicated server threads known as 
APP_MAN would disappear forcing them to share the access to the official database. 
This modification would save storage and disc access resources at the same time that 
increases the complexity of the current access regulation algorithm presented in 
IV.2.1.1. 

• Defining security policies for authentication, partner trust and malicious or erratic 
behavior.  

• Designing and implementing of a statistical module to keep trace of different events 
concerning E-Server’s availability, reliability, performance and result benchmarking. 
Also the CAPP requirements could be monitored by this module in order to adapt the 
active environmental monitoring to the particular needs of each CAPP. This update 
would be the determinant step towards providing to 3WA-Server with a learning 
capability to dynamically adapt to the changes of the environment. The cost would 
definitely be in terms of computational time and resources. These learning procedures 
have their primer application in the weight matrices the neuronal network uses to 
rage a service. That is to say, assuming an initial set of predefined (or may be 
random) weights the network could be taught by inserting some benchmark 
parameters determined after receiving the services of an E-Server that could be 
wrongly chosen in the first place. Just like humans learn…by prove and error. 

• Designing and implementing a cooperative module to allow two 3WA-Servers, each one 
running on its own user’s device, to share information related to the environmental 
situation of the wireless neighborhood and also statistical information related to any 
E-Server related to both users. This module could serve to expand the physical range 
of visibility imposed by the network technology in use because every cooperant will 
also have the information about E-Server which are not visible to it but are accessible 
by the other 3WA-Server. An excellent example of application for this module is its 
deployment in automats where these ones could decide on real time the pathway to 
follow based on the information that the devices it finds in the way transmit using 
this cooperative module.
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A.1 Gantt diagram 
The following diagram shows the temporal distribution of the main tasks involved in 

this Master’s Thesis. The arrows indicate the interrelation between a precedent task and the 
task(s) which followed it. 

 

Figure A.1.1. Gantt representation of the main tasks associated to this Master’s Thesis 
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A.2 Event and notification message protocol codes 
In this appendix all the considered codes for the event messages transmitted from 

PH_CLIENT to APP_MAN have been included and described. In addition, also the codes for 
the notification messages sent between CAPP-Client and its dedicated APP_MAN can be 
consulted here and in the 3WAServer.cc and CAPPclient.cc files included in the 
Complementary Material as well. 

A.2.1 Event messages 

These types of messages are used to allow the APP_MAN to process the events 
reported by PH_CLIENT at the moment of the environmental sensing and database update. 
Since the update of the local copy of that database is done after all this procedure has been 
completed and many changes could had happened and configure a totally different database, it 
was necessary to report every single event, in the right order, to allow APP_MAN to modify 
the grade list maintained for his client accordingly. Otherwise, in many situations APP_MAN 
could simply not be able to detect what happened and in which order so the active monitoring 
assistance could not be delivered. There are four events defined so far of which codes are the 
following: 

• Code SERV_FOUND: associated to value 1 with a #define  sentence. Sent when a new 
service is found. This message also specifies the name of the server and service and 
the relative index assigned to it at the moment of its inclusion in the database. This 
index is then used to insert the grade assigned to this element in the precise position. 

• Code SERV_UPDATED: associated to value 3. Sent when the contextual parameters of an 
existing service are updated. The message also contains the identification names and 
the relative index to allow the update of the correct grade. 

• Code SERV_LOST: associated to value 2. Sent when a service that was present in the last 
update has been lost. The very important element here is the relative index so it 
allows to erase the right grade from the grades list and to perform an index 
comparison in order to determine the possible notification messages derived from this 
event. 

• Code UPDATE_DDBB: associated to value 0. This is an especial case since this message is 
not generated by PH_CLIENT but ENV_MAN instead. The reason of this is that the 
update is not necessary if the database didn’t change, that is, if no events where 
registered or if the update process was forced to terminate because it was consuming 
an excessive amount of time. Before any other event is bypassed from one pipe to 
another, this message is sent to the APP_MAN via APP_SERV to mark the beginning 
of an event message burst. Only the event code is important here. 

A.2.2 Notification messages 

The notification messages, unlike the event messages, are sent via the local tcp/ip 
connection between APP_MAN and CAPP-Client using the PeerHood Middleware. The 
notification messages stand for the translation of a common event, like finding a new service, 
to the particular effect that this one caused (here appears the best expression of the Cause-
Effect pattern mentioned in chapters IV and V) to the CAPP. These messages are interpreted 
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upon reception by the client who also uses a set of event to sent commands to its APP_MAN. 
The codes and their respective meanings are the following: 

APP_MAN to CAPP 

• 10: New server found but it is not the best server. 

• 11: New server found but it is the best server. 

• 20: Server lost. New best server is … with a grade of … 

• 21: Server lost. There are no more server available 

• 22: Server lost. It was not the current best server. 

• 30: Contextual parameters updated. This server continues as the best service provider. 

• 31: Contextual parameters updated. This server still is not the best service provider. 

• 32: Contextual parameters updated. This server now becomes the best service provider. 

• 33: Contextual parameters updated. This server is no longer the best option, now it is 
server … with a grade of … 

• 000: APP_MAN informs the end of the notifications due either to an event message burst 
or a command sent from the client. 

• 001: APP_MAN confirms the end of the communication. 

• 002: APP_MAN is waiting to receive and process a client’s command (synchronization 
confirmation message). 

• 003: CAPP has been kicked out due to a 60 seconds inactivity period. 

• 100: APP_MAN confirms the reception of the ‘I’m Alive’ message. 

• 200: The best server for service … is server … with a grade of … 

• 201: There are no servers available at this moment offering this service 

• 202: Service … has already been registered 

• 300: Service … found and deleted. 

• 301: Service … to remove not found. 

• 400: (same as 200) 

• 401: Update not possible since service is not registered yet. 

• 500: (APP_MAN indicates it will send the file ‘gradesCAPP[id].txt’ containing the 
information about the best server or a complete and ordered list of grades). 

• 600: Training operation has been aborted since the service is not registered yet. 
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• 700: Unable to find the specified service. 

• 701: Service … successfully updated. The best server is … with a grade of … 

• 702: Service … successfully updated. There are no services offering this service 

CAPP to APP_MAN 

• 0: defined as AUTOMATIC_EVENT. Configured to send the ‘I’m Alive’ message every 30 seconds 
to prevent being kicked out if the user of the simulator doesn’t generate any event 
manually. 

• 1 (default): defined as IM_ALIVE. The message itself. The value is not very important since 
their functionality is to break a 60 seconds silence. 

• 1: defined also as USER_EVENT. Sent to the APP_MAN to indicate that there is a user 
command selected using the textual interface of the simulator. It corresponds to the 
synchronization request to make the dedicated server to wait. 
The following codes correspond to the selection performed by the operator of the 

textual simulator. In a real life implementation, these codes should be generated by the client 
application since the active environmental monitoring should be an invisible service to the 
human user. For example, the update of the contextual parameters of the profile describing a 
specific service is vital for this system and it is totally determined by application and not by 
the user. 

• 1: Connect to 3WA-Server 

• 2: Notify a new service to be monitored 

• 3: Remove an existing service of the monitoring list 

• 4: Update the profile of an existing service 

• 5: Ask for the best server (only the best grade or an ordered list) 

• 6: Train the neuronal network 

• 7: Update the contextual parameters of an existing service 

• 8: Quit 



 Appendix A.3 
 

 

 
 − 94 − 

A.3 Inventory of the hardware used for testing 
This appendix contains the general specifications of the hardware used to deploy the 

active monitoring system deployed for this project and tested during the last stage of this 
Thesis. This machinery has been referenced and identified in the last part of Chapter IV. The 
list of inventory is: 

• Desktop computer: 2GB of RAM memory, Intel® Pentium® 4 CPU 3.00GHz dual 
processor running Ubuntu Linux (Jaunty release 9.04). 

• G Wireless USB Adapter by Belkin supporting network standards IEEE 802.11g/b. 

• Eee PC notebook by ASUS: 512 MB of RAM DDR2 memory, Intel® Mobile CPU & Chipset 
running Ubuntu Linux (Eee PC customized distribution). Model Eee PC 4G. 

• Lenovo 3000 V100 0763: 2GB of RAM memory, Core 2 Duo 2GHz processor running 
Ubuntu Linux (Jaunty release 9.04). 

• Linksys Wireless G Broadband Router, model Wrt54g. 
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