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Abstract 

In recent years, researchers have focused on proposing 
service preference mechanisms to provide seamless 
services in pervasive computing environments.  
However no one approach has been able to provide the 
needed support for service selection in these 
environments. In this paper, adequate theoretical 
analysis has been carried out and experimental results 
were obtained for the proposed framework and have 
been compared with the existing techniques. The 
experimental results prove that the proposed framework 
is efficient and fault tolerant.  

1. Introduction 

Pervasive computing environment is a smart space 
replete with various computing and communications 
devices that have interactive capabilities. This 
computational space is governed by a proactive software 
infrastructure that gives applications a fillip to configure 
and adapt their software and physical dimensions 
automatically and transparently with respect to the user. 
Pervasive computing aims at providing computing and 
communications services all the time, everywhere, 
transparently and invisibly to the user, using devices 
embedded in the surrounding physical environment. 
 
The devices that provide services are termed service 
providers. Service providers differ in terms of hardware 
components, operating systems and capability, Kim et 
al., (2006).  The pervasive environment consists of a set 
of service providers and a set of users. Each and every 
service provider provides a set of services. Pervasive 
environments can have many service providers 
providing services with similar functionality but 
possessing different criteria. The different criteria that 
influence the service selection in pervasive environments 
are availability, cost, reliability , capability, mobility, 
responsiveness, trust  and locality, Silas et al. (2011)  
 
Users, who require a service, will be requested to 
provide their preferences for the criteria. The Service 
Selection Framework  selects a service provider from a 
finite set of service providers based on a finite set of user 
preferences and the service is executed by the selected 

service provider.  There is uncertainty in pervasive 
environments due to mobility, volatile network topology 
and light weight terminals. Therefore the web service 
selection models cannot be straight forwardly extended 
for pervasive computing. 
 
During service execution, service disruptions can happen 
due to faults in the pervasive environment. Chetan et al. 
(2005),  classified the faults that occur in the pervasive 
system as service failures, device failures, network 
failures and application failures. These faults greatly 
interrupt the service execution and will lead to a 
situation where service providers are constrained to 
complete their service requests. During such cases, the 
Service Selection framework have to invoke once again 
the service selection methodology to identify the next 
best service provider and the new service execution has 
to be re-started. In most cases, multiple services are 
offered by the service provider. Therefore, during such 
faults, one or more services will be affected thereby 
giving rise to higher service delay and service recovery 
overhead. Though attempts are made to provide best 
services to the user, executing the service without 
service disruptions, with minimal service delay and 
service recovery overhead is an important challenge in 
the pervasive environment.  This has motivated the 
authors to investigate and propose a Theoretical Service 
Selection Framework for Pervasive Computing 
Environments. This novel framework has been presented 
in this paper. The objective is to provide the best service 
anywhere, any time without any service disruption and 
with minimal service delay, minimal service recovery 
overhead and high success rate. The proposed 
framework has been designed to have mechanisms to 
automatically complete the execution of the disrupted 
service during fault. 
 
2. Related Work 
In recent years, researchers have focused on proposing 
service preference mechanisms to provide seamless 
services in pervasive systems, MANET and web 
services. Some of the relevant fault tolerant schemes are 
discussed in this section. 
 
Hwang S-Y et al. (2008) proposed to use finite state 
machine to model the permitted invocation sequences of 
web service operations for pervasive environments. The 
approach applied to real industrial applications with a 
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handful of atomic web services because it conformed to 
industrial standards and allowed for quick Work Station 
selection at runtime in a dynamic environment.  
However, when the number of atomic devices became 
large, construction of a service composition took too 
much time, which made the approach impractical.  
 
Lin Chia-Feng et al. (2011) proposed Relaxable QoS 
based Service Selection (RQSS) that helped to 
composite pervasive application development by 
discovering feasible web services based on 
functionalities and QoS criteria of user requirements. 
The RQSS recommended prospective service candidates 
to users by relaxing QoS constraints, if no suitable or 
available web service could exactly fulfil user 
requirements. The RQSS algorithm increased the system 
availability and reliability to a certain extent but failed to 
address the performance of the algorithm during faults.  
 
Chen-Liang Fang et al. (2007) proposed a fault tolerant 
web service model called Fault Tolerant SOAP or FT-
SOAP through which web services could be built with 
higher resilience to failure. The major contribution of  
FT-SOAP was to prove that web services built on a 
SOAP framework enjoy higher flexibility compared to 
those built on CORBA.  Unfortunately, the web service 
selection models cannot be straight forwardly extended 
for pervasive computing due to its volatile network 
topology.  
 
Koushanfer et al. (2002) proposed heterogeneous back-
up scheme that addressed the problem of embedded 
sensor network fault tolerance, where one type of 
resources was substituted with another. The 
heterogeneous fault tolerance techniques for sensor 
networks included the ones where communication and 
sensing were mutually backing up each other.  The 
heterogeneous back up scheme provided a low cost, low 
overhead, high resilient fault tolerant technique but it 
have not considered about the application failure.  
 
Wu et al. (2008) proposed a permission-based message 
efficient mutual exclusion (MUTEX) algorithm for 
mobile ad hoc networks (MANETs). The proposed 
algorithm tolerated link or host failures, using timeout-
based mechanisms and was able to handle dozes and 
disconnections of mobile hosts. Permission based 
MUTEX algorithm was efficient, reliable and 
independent of any logical topology. The MUTEX based 
algorithm fails when there is a communication fault.  
 
Ahmed et al. (2009) proposed Self Healing for 
Autonomic Pervasive Computing (SHAPC) that stored 
all the crucial information's including log status of the 
faulty device. The healing manager re-collected all the 
information for the device to restore to its previous 
condition. Information distribution process distributed 
the essential information among the other existing 
devices. This process assisted the faulty device to 
securely maintain all the important information's. Re-
assignment process was responsible for finding an 
alternate device that was available and compatible with 

the faulty device that was required for smooth 
functionality. The main drawback of SHAPC is that the 
system requires user intervention whenever the selection 
of the service was based on the user's preferences. 
Ahmed et al. (2005) proposed a middleware service for 
pervasive advertisements to improve mobile business.  
The authors considered ubiquitous access, privacy and 
security.  The middleware did not consider 
communication failures or network failures.  
 
Hu et al. (2008) proposed a model-based autonomic 
context management system for pervasive computing 
that dynamically configured and reconfigured its context 
information by gathering and pre-processing 
functionality, which provided fault tolerant provisioning 
of context information. The approach used standard 
based descriptions of context information sources that 
increased openness, interoperability and scalability of 
context-aware systems. The model saved energy, 
communication and processing resources, as sensors 
were attached to the context management system and 
activated dynamically.  Hu et al. (2008) discussed the 
fault due to sensor failures but had not considered other 
failures such as communication failures, service failures, 
application failures and network failures.  
 
Padovitz et al. (2008) proposed an ECORA framework 
for context-oriented pervasive computing and reasoned 
about context under uncertainty. The framework 
followed an agent-oriented hybrid approach, combining 
centralized reasoning services with context-aware, 
reasoning capable mobile software agents. Padovitz et 
al. (2008) stated that the following combination was 
important to develop an adaptive context-aware 
pervasive computing system. They were (1) a unifying 
context model with algorithms to reason about context 
under uncertainty, (2) event-based communication as an 
awareness mechanism, and (3) the ability of components 
to move as an agility mechanism. It did not consider the 
communication failure.  
 
Bourdenas et al. (2010) proposed a Starfish based self-
healing framework for pervasive computing systems that 
followed the Self-Managed Cell architectural paradigm. 
Starfish was an instantiation of an SMC for wireless 
sensor networks. It had an embedded policy system that 
allowed reconfiguration on individual nodes, remote 
access control to remote resources. It supported 
adaptation on nodes thereby allowing deployment of 
new strategies at run-time. Starfish based self healing 
framework enabled to recover only from sensor failures 
and did not consider other faults in pervasive computing.  
 
Silas et al. (2011) proposed a Service Selection 
Framework (SSF-P) for pervasive environments. The 
service authority of SSF consisted of Service 
Registration Unit, User Registration Unit, Service 
Selection Unit, Service Delivery Unit, Feedback unit and 
Trust Management Unit. The service registration 
overhead and the service selection time were very 
minimal, but the service recovery overhead and the 
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service delay were high. And the framework was also 
not fault tolerant. 
 
3. Service Preference/Selection  
Service selection in pervasive computing is significant 
as it requires identifying the best service provider based 
on users’ requirements.  After identifying the best 
service provider within an Active Space, when a service 
is being executed, service disruptions happen due to 
various faults.  The service selection unit helps in 
identifying the required service based on the users 
requirements. 
It selects the best service through an outranking 
methodology and provides to the user (Silas et al., 2011).  
An improved Silas’s outranking methodology has been 
implemented to select the best Service Provider based on 
the users' requirement.  This improved version allows 
users to select the criteria of their own interest based on 
their requirement and also to give preferences to those 
criteria in terms of weights.   

The unadjusted method forces users to a predefined 
criteria for which users must select.  

The method requires two inputs for processing. They are 
information from  

i) the user and 
ii) the Service provider.  

The user provides their preference for all k criteria cr as 
weights {wj, j = 1,2,...k} that are normalized to 1.  The 
normalized user preferences are called as weighted user 
preferences.  The service providers provide the 
information of all their services.  The service providers 
that offer relevant services are grouped to form nfs 
feasible service providers. 

The preference function is calculated for maximization 
criterion as well as the minimization criterion.  For 
maximization criterion, the preference function Pj 
(Sx,Sy) gives the preference of service provider Sx over 
service provider Sy for the observed deviations as defined 
below 

SSSSSdFSSP yxyxjjyxj ∈∀= ,)],([),(    …………… 1 

where dj(Sx, Sy) = crj(Sx) -crj(Sy)         ……....... . 2 

for which  0 ≤ Pj(Sx, Sy) ≤ 1 

where S is a set of service providers offering a particular 
service. For minimization criterion, the preference 
function is calculated by the following Pj (Sx,Sy) is 
defined as: 

SSSSSdFSSP yxyxjjyxj ∈∀−= ,)],([),(     . . .………... 3 

The Qualitative Preference function is defined as: 

{ 0,0
0,1)( ≤

>= d
ddP              …………....  4 

The pair wise comparisons of various criteria are 
performed from the feasible set of service providers and 
the aggregated preference indices are defined.  

Let Sx,Sy ∈  S,  

Where S is a set of service providers offering a particular 
service, then the Aggregated Preference Indices which is 
the weighted summation of all the service providers is 
given  by                  

    ∑
=
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Where π (Sx,Sy) expresses the degree in which the 
service provider Sx  is preferred over the service 
provider Sy over all the criteria and π (Sy, Sx) expresses 
the degree in which the service provider Sy is preferred 
over service provider Sx.  

The net outranking flow for each service provider Sa is 
the net difference between the positive and negative 
outranking flows and is obtained using  

∑ ∑
∈ ∈

−
Sx Sx

axxaa SSSSS )),(),(()( ππαφ
 . . . . . . .  ..  7 

It was observed that the solution can be reduced to 

∑ ∑
∈ ∈
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Where 
1

1
−fsn

is a correction factor that normalizes )( aSφ .   

It can be shown that eq. 7 offers a better service selection 
routine than non-corrected preference function of 
equation 3.9. 

∑ ∑
∈ ∈

−=
Sx Sx

axxaa SSSSS )),(),(()( ππφ . . . . . …….9 

where nfs is the number of feasible service providers.  

4. Analysis 

The Pervasive System’s Service Framework has four 
basic components; the accounting unit, the Monitoring 
and Fault handling unit, the Feedback unit and the trust 
management unit.  The Accounting unit computes the 
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total cost of the service and the service delivery unit 
delivers the services to the user. The Feedback unit 
collects the user's satisfaction for the delivered service 
and provides it to the trust management unit. The 
feedback unit also calculates the service delay and 
provides the service satisfaction to the trust management 
unit. The trust management unit facilitates computation 
of trust value for every registered service provider and is 
stored in the service trust matrix.  

Monitoring & Fault handling unit is the heart of the 
framework that provides fault tolerance behavior. It 
monitors the services of the service provider and initiates 
corrective measures whenever there is a fault thereby 
providing fault tolerance to the framework. It keeps track 
of all the services that are allotted to the registered users' 
and monitors whether the execution of the allotted 
service has been completed successfully. This is 
achieved by maintaining a log of all jobs (services under 
execution) consisting of Job ID, service ID, user ID, 
Service Provider ID, Job status, report and the next three 
ranked service provider ID. For effective monitoring, 
each service execution process of the service provider is 
virtually divided into phases. The end of every phase of 
the execution phase is indicated by check points. The 
Monitoring & Fault handling unit monitors the service 
execution at every check point and takes a report of 
successful completion of every phase.  

When a fault occurs, the Monitoring & Fault handling 
unit waits for 't' time to examine whether it is a transient 
fault. If the services are not restored within 't' time, the 
Monitoring & Fault handling unit automatically hands 
over the report taken at the check point to the next ranked 
service provider to complete the task and the service 
execution is continued without any further delay.  
Table(iii) shows the ranked service providers based on 
the preference criteria.  To avoid additional storage 
overheads at Monitoring & Fault handling unit, the report 
taken at checkpoint is overwritten during the next 
checkpoint.  

5. Monitoring and Fault Handling Algorithm 

Step 1: Set Alloted_service_log parameters (J_ID, S_ID, 
U_ID, SP_ID, Status, Ranked_Service_Providers) in the 
Monitoring and Fault handling unit.  

Step 2: For each service provider do 

   { If (beacon signal == True) 

      { For every job do 

         {Collect Job Status and Report at every check point 

         Verify and Update the Alloted_service_log 

            If ( Job Status == Complete) 

            {Generate Job_Completion report 
(J_ID,S_ID,U_ID,SP_ID, 

               cost, delivery time, output, status) 

            Send Job_Completion report to the service 
delivery unit            }         } 

      }Else{ Wait for 't' time 

         If (beacon signal == false) 

         { For every Job do 

            {Update trust value 

            Retrieve last check point report 

            Select the next ranked service provider 

            Send handover request to the service provider 
through the service selection unit.  

            Update Allotted_Service_Log. 

         }     }    }} 

6. Implementation 

A Service Preference Selection Framework for pervasive 
computing has been developed using the theoretical 
analysis in section 2.  The objective is to provide the best 
service anywhere, any time without any service 
disruption and with minimal service delay, minimal 
service recovery overhead and high success rate. The 
proposed framework has been designed to have 
mechanisms to automatically complete the execution of 
the disrupted service during fault.   

The tables below show the various pair wise preferences 
for feasible service providers in a pervasive computing 
environment.  The number of Service providers was set 
as 10. Each service provider was permitted to offer 
services. The maximum load on the service provider was 
set as 20% and the service providers were set to move 
randomly. The mobility of the service provider was 
varied as 20 m/s, 40 m/s, 60 m/s, 80 m/s and the effect of 
mobility on the Success rate of the proposed framework 
was studied and is shown accordingly. 
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TABLE 1(i). k–Criteria  for (S2,S1…n-1)  

Criteria  cr1 cr2 cr3 cr4 cr5 

j 

     1 0.84 0.14 0.82 0.72 0.15 

2 0.90 0.01 0.02 0.24 0.70 

3 0.26 0.57 0.16 0.43 0.80 

4 0.72 0.32 0.39 0.25 0.06 

5 0.48 0.91 0.07 0.61 0.95 

6 0.01 0.19 0.13 0.21 0.89 

7 0.63 0.38 0.09 0.11 0.52 

8 0.17 0.81 0.93 0.74 0.55 

9 0.78 0.90 0.53 0.75 0.42 

10 0.33 0.15 0.33 0.19 0.99 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table1(iii) Aggregated Preference for (S2,S1…n-1)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TABLE 2(i). k–Criteria  for (S2,S1…n-1)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Criteria  cr1 cr2 cr3 cr4 cr5 

j 

     1 0.70 0.09 0.88 0.84 0.14 

2 0.67 0.68 0.84 0.15 0.56 

3 0.07 0.18 0.81 0.61 0.76 

4 0.14 0.25 0.51 0.02 0.40 

5 0.95 0.23 0.26 0.68 0.59 

6 0.81 0.13 0.68 0.21 0.93 

7 0.34 0.74 0.48 0.13 0.28 

8 0.10 0.03 0.83 0.83 0.92 

9 0.36 0.38 0.46 0.62 0.91 

10 0.80 0.41 0.94 0.29 0.20 

 

TABLE 1(ii).. Service Preference dj(Sx, Sy)    

P(1,2) -0.054 0.135 0.804 0.475 -0.548 

P(1,3) 0.583 -0.422 0.661 0.291 -0.654 

P(1,4) 0.127 -0.177 0.430 0.466 0.085 

P(1,5) 0.362 -0.765 0.752 0.104 -0.804 

P(1,6) 0.830 -0.044 0.690 0.504 -0.745 

P(1,7) 0.211 -0.238 0.737 0.610 -0.376 

P(1,8) 0.675 -0.665 -0.103 -0.027 -0.400 

P(1,9) 0.061 -0.759 0.295 -0.033 -0.267 

P(1,10) 0.512 -0.003 0.493 0.528 -0.844 

 

Maximum  

Criterion )( aSφ  

Minimization  

Criterion )( aSφ  

0.202 -0.086 

0.219 -1.077 

0.158 -0.177 

0.174 -1.568 

0.289 -0.788 

0.223 -0.613 

0.096 -1.195 

0.051 -1.059 

0.219 -0.847 
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Table2(iii) Aggregated Preference for (S2,S1…n-1)  

 
 
TABLE 3(i). k–Criteria  for (S2,S1…n-1)  

Criteria  cr1 cr2 cr3 cr4 cr5 

j 

     1 0.77 0.17 0.45 0.90 0.81 

2 0.04 0.78 0.20 0.49 0.84 

3 0.57 0.42 0.12 0.50 0.04 

4 0.19 0.01 0.31 0.16 0.75 

5 0.30 0.23 0.17 0.92 0.04 

6 0.95 0.83 0.48 0.11 0.78 

7 0.76 0.43 0.89 1.00 0.21 

8 0.51 0.15 0.02 0.46 0.76 

9 0.15 0.48 0.20 0.62 0.94 

10 0.65 0.06 0.60 0.59 0.29 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

TABLE 2(ii) Service Preference dj(Sx, Sy) 
   

P(2,1) -0.025 0.596 -0.042 -0.689 0.416 

P(2,3) 0.603 0.503 0.035 -0.456 -0.206 

P(2,4) 0.533 0.433 0.333 0.137 0.154 

P(2,5) -0.283 0.454 0.579 -0.527 -0.033 

 P(2,6) -0.139 0.558 0.158 -0.056 -0.369 

P(2,7) 0.335 -0.055 0.364 0.023 0.274 

P(2,8) 0.572 0.650 0.009 -0.674 -0.361 

P(2,9) 0.308 0.307 0.384 -0.463 -0.355 

P(2,10) -0.127 0.274 -0.101 -0.135 0.361 

                     Maximum  

                            Criterion 
)( aSφ  

               
Minimization  

               Criterion 
)( aSφ  

0.145 -0.756 

0.163 -0.662 

0.227 0.000 

0.148 -0.842 

0.102 -0.564 

0.142 -0.055 

0.176 -1.034 

0.143 -0.818 

0.091 -0.363 

 

TABLE 3(ii).. Service Preference dj(Sx, Sy)    

P(3,1) -0.199 0.247 -0.330 -0.402 -0.763 

P(3,2) 0.530 -0.361 -0.075 0.008 -0.793 

P(3,4) 0.379 0.415 -0.187 0.342 -0.709 

P(3,5) 0.267 0.193 -0.043 -0.424 0.007 

P(3,6) -0.381 -0.404 -0.360 0.387 -0.737 

P(3,7) -0.190 -0.011 -0.767 -0.501 -0.168 

P(3,8) 0.057 0.267 0.103 0.040 -0.717 

P(3,9) 0.423 -0.057 -0.081 -0.118 -0.899 

P(3,10) -0.080 0.358 -0.476 -0.088 -0.242 
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Table3(iii) Aggregated Preference for (S2,S1…n-1)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

TABLE 4(i). k–Criteria  for (S2,S1…n-1)  

Criteria  cr1 cr2 cr3 cr4 cr5 

j 

     1 0.78 0.96 0.14 0.63 0.84 

2 0.39 0.90 0.85 0.07 0.29 

3 0.30 0.73 0.30 0.30 0.62 

4 0.58 0.49 0.81 0.99 0.09 

5 0.36 0.68 0.04 0.48 0.55 

6 0.87 0.23 0.61 0.30 0.21 

7 0.72 0.20 0.78 0.10 0.20 

8 0.31 0.33 0.46 0.18 0.96 

9 0.03 0.56 0.64 0.03 0.90 

10 0.52 0.48 0.51 0.67 0.72 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Table 4 (iii) Aggregated Preference for (S2,S1…n-1)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Maximum  

Criterion )( aSφ  

Minimization  

Criterion )( aSφ  

0.035 -1.694 

0.077 -1.228 

0.162 -0.896 

0.067 -0.467 

0.055 -1.882 

0.000 -1.637 

0.067 -0.717 

0.060 -1.155 

0.051 -0.886 

 

 

TABLE 4(ii).. Service Preference dj(Sx, Sy)    

P(4,1) -0.479 -0.225 0.163 -0.328 -0.214 

P(4,2) -0.088 -0.169 -0.549 0.226 0.334 

P(4,3) -0.280 0.243 -0.511 -0.691 0.531 

P(4,5) -0.056 0.050 0.262 -0.182 0.077 

P(4,6) -0.565 0.506 -0.309 0.001 0.414 

P(4,7) -0.414 0.535 -0.480 0.195 0.425 

P(4,8) -0.008 0.405 -0.158 0.116 -0.331 

P(4,9) 0.275 0.174 -0.338 0.270 -0.275 

P(4,10) -0.216 0.248 -0.203 -0.374 -0.095 

 

Maximum  

Criterion )( aSφ  

Minimization  

Criterion )( aSφ  

0.023 -1.246 

0.080 -0.805 

0.111 -1.482 

0.056 -0.239 

0.132 -0.874 

0.165 -0.894 

0.074 -0.498 

0.103 -0.613 

0.035 -0.887 
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TABLE 5(i). k–Criteria  for (S2,S1…n-1)  

Criteria  cr1 cr2 cr3 cr4 cr5 

J 

     1 0.55 0.85 0.87 0.32 0.21 

2 0.33 0.49 0.91 0.18 0.29 

3 0.03 0.21 0.15 0.57 0.45 

4 0.09 0.47 0.55 0.56 0.42 

5 0.82 0.49 0.73 0.92 0.89 

6 0.07 0.39 0.26 0.58 0.89 

7 0.53 0.03 0.86 0.87 0.46 

8 0.26 0.91 0.43 0.47 0.27 

9 0.62 0.54 0.69 0.27 0.63 

10 0.43 0.37 0.03 0.04 0.45 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Table 5 (iii) Aggregated Preference Table for S2,S1…n-

1)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. Summary/Conclusion 
The service preference was simulated using the 
Mathematical software. Each service provider was 
allowed to submit weighted criteria for available 
services.  The pervasive software infrastructure 
compares these weighted criteria with other weights 
submitted by other feasible devices (Table ii) and 
generates a preference for both the maximization and 
minimization criterion (Table iii).  The device with the 
most preferred preference is selected to offer the 
specified service(s).  The experimental results prove that 
the proposed framework is efficient and fault tolerant. 
The success rate of the proposed framework is also high 
with minimal service recovery overhead and minimal 
service delay.   It was also observed that the load on the 
service provider affects the service recovery overhead 
and the mobility affects the fault tolerance behavior of 
the system. 
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