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Due to mobility of the nodes, query processing in mobile computing environment suffers from a number of 
constraints like disconnection, variability in bandwidth, power and resource problems, security risks etc.
ad hoc networks, nodes communicate with each other by means of broadcast radio signals where all nodes in the 
network get the broadcasted message [1]. 
node energy in the network cannot get utilized properly for the query processing. 
working on reduction of energy consumption in mobile networks. In this paper
protocols are reviewed to evaluate the performance of routing protocols on energy efficiency metric.
______________________________________________________________________________________________

Introduction
In mobile computing environment, some computers are 
fixed and some are mobile where some play the role of 
mobile clients and some of mobile hosts. A typical 
architecture for mobile computing can be shown as in 
fig. 1 [2]. Here a global datab
the fixed network nodes. In this system, all the network 
nodes in the wired part are fixed units. Mobile units 
maintain communication through the wireless links. The 
fixed units are called base stations or mobile support 
stations. They have special functionality with a wireless 
interface to communicate with mobile units. Each 
mobile station provides networking services for all the 
mobile units within a given geographic area called cell. 

Fig 1.
Mobile Ad hoc networks have become i
significant in recent years due to their potential 
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ABSTRACT 

ue to mobility of the nodes, query processing in mobile computing environment suffers from a number of 
disconnection, variability in bandwidth, power and resource problems, security risks etc.

ad hoc networks, nodes communicate with each other by means of broadcast radio signals where all nodes in the 
network get the broadcasted message [1]. Due to lack of infrastructure and the broadcast nature of the network, 
node energy in the network cannot get utilized properly for the query processing. 
working on reduction of energy consumption in mobile networks. In this paper
protocols are reviewed to evaluate the performance of routing protocols on energy efficiency metric.
______________________________________________________________________________________________

Introduction 
In mobile computing environment, some computers are 
fixed and some are mobile where some play the role of 
mobile clients and some of mobile hosts. A typical 
architecture for mobile computing can be shown as in 
fig. 1 [2]. Here a global database is distributed among 
the fixed network nodes. In this system, all the network 
nodes in the wired part are fixed units. Mobile units 
maintain communication through the wireless links. The 
fixed units are called base stations or mobile support 

They have special functionality with a wireless 
interface to communicate with mobile units. Each 
mobile station provides networking services for all the 
mobile units within a given geographic area called cell.  

 
Fig 1. 

Mobile Ad hoc networks have become increasingly 
significant in recent years due to their potential 

applications in battlefield, disaster relief emergency and 
etc. In an ad hoc network, each mobile node can serve 
as a router. A mobile ad
identified by infrastructure les
nodes themselves form a network over radio links. Due 
to mobile nature of nodes query processing in mobile 
networks suffers from different problems which affects 
the ability to forward packets to next node.

Limitations On Query 

Mobile distributed systems raise new issues such as 
mobility, low bandwidth of wireless channels, 
disconnections, limited battery power and lack of 
reliable stable storage on mobile nodes. The goal of 
MANETs is to expand mobil
autonomous, mobile and wireless domains in such a 
way that a set of nodes form the network routing 
infrastructure in an ad
one of the main problems of mobile computing. To 
overcome this, mobile transaction 
partial results with other transactions [1]. 
restricted and uneven bandwidth or limited 
communication range, it is necessary that the mobile 
nodes make the most advantageous use of the 
connectivity when it arrives. 

Need 
Mobile nodes are powered by batteries with limited 
capacity. During a critical situation, it might not be 
possible to recharge/replace a mobile node that is 
powered by batteries. Power failure of a mobile node 
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ue to mobility of the nodes, query processing in mobile computing environment suffers from a number of 
disconnection, variability in bandwidth, power and resource problems, security risks etc. In mobile 

ad hoc networks, nodes communicate with each other by means of broadcast radio signals where all nodes in the 
o lack of infrastructure and the broadcast nature of the network, 

node energy in the network cannot get utilized properly for the query processing. In recent years researchers are 
working on reduction of energy consumption in mobile networks. In this paper various energy efficient routing 
protocols are reviewed to evaluate the performance of routing protocols on energy efficiency metric.
______________________________________________________________________________________________

applications in battlefield, disaster relief emergency and 
etc. In an ad hoc network, each mobile node can serve 
as a router. A mobile ad-hoc network (MANET) is 
identified by infrastructure less mobile nodes. Mobile 
nodes themselves form a network over radio links. Due 
to mobile nature of nodes query processing in mobile 
networks suffers from different problems which affects 
the ability to forward packets to next node. 

Limitations On Query Processing In Mobile 
Networks 

Mobile distributed systems raise new issues such as 
mobility, low bandwidth of wireless channels, 
disconnections, limited battery power and lack of 
reliable stable storage on mobile nodes. The goal of 
MANETs is to expand mobility into the area of 
autonomous, mobile and wireless domains in such a 
way that a set of nodes form the network routing 
infrastructure in an ad-hoc manner. Disconnection is 
one of the main problems of mobile computing. To 
overcome this, mobile transaction shares their states and 
partial results with other transactions [1]. Due to the 
restricted and uneven bandwidth or limited 
communication range, it is necessary that the mobile 
nodes make the most advantageous use of the 
connectivity when it arrives.  

Need Of Energy Efficient Routing 
Mobile nodes are powered by batteries with limited 
capacity. During a critical situation, it might not be 
possible to recharge/replace a mobile node that is 
powered by batteries. Power failure of a mobile node 
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not only affects the mobile node itself but also affects 
the ability to forward packets to next node. To take full 
advantage of the lifetime of nodes, traffic should be 
routed in such a way that energy consumption can be 
minimized. Energy related metrics that have been used 
to determine energy efficient routing path. They are [3] 
• Energy consumed/packet 
• time to network partition 
• variance in node power levels 
• cost/packet 
• maximum node cost 
various energy efficient multicast routing protocols are 
surveyed considering the different approaches of 
optimality[4] 
A. Transmission power optimization 
Since each node runs the routing algorithm and the 
graph optimization algorithm in a distributed way, it 
must be aware of information such as the transmission 
energy over the wireless link (link cost) and the residual 
battery energy of the node (reciprocal of node cost). 
The node cost is used to balance the energy 
consumption by avoiding low-energy nodes while 
selecting a route. FAR [5], OMM [6] and Minimum 
energy routing (MER) protocol [7] protocols fall into 
this category.  
1) Flow Augmentation Routing(FAR) protocol  
The FAR protocol finds the optimal routing path for a 
given source to destination pair which minimizes the 
sum of link costs along the path. It assumes a static 
network. It is required that the link costs of all links as 
well as node costs of all nodes must be known in 
advance. Information about data generation rate at all 
nodes is also required to find the optimal routing path. 
The protocol includes node cost in the link cost. It uses 
graph optimization algorithm.  Since the corresponding 
link costs changes simultaneously so FAR solves the 
overall optimal solution in an iterative fashion i.e. solve 
the optimal route for the first time, update node’s 
residual energy and link costs, and solve another for the 
next time. Data generation rate at all nodes during each 
time step is assumed to be available beforehand. FAR 
maximizes the network lifetime when data-generation 
rate is known. 
2) Online Max-Min Routing (OMM) protocol [6].  
The maximization of the network lifetime can be 
achieved without knowing the data-generation rate in 
advance by OMM protocol[e]. The primary data OMM 
protocol requires is the power level information of all 
nodes and the power cost between two neighboring 
nodes. Using this information OMM makes a routing 
decision that minimizes power consumption and 

maximizes the minimal residual power in the nodes of 
the network. In order to optimize the residual power, the 
OMM protocol obtains multiple near-optimal min-
power paths that do not deviate much from the optimal 
value. It is needed that each source node will obtain the 
link to reach the next hop node in the given routing 
path. It is seen that by analyzing the power efficient 
paths with some tolerance, it selects the best path that 
optimizes the minimal residual power in the node by 
iterative edge removals using Dijkstra algorithm. The 
area is divided into a small number of zones. A routing 
path formulated of a global path from zone to zone and 
a local path within the zone. Zone-based hierarchical 
routing mechanism is very useful to improve the 
scalability.  The extended OMM protocol enables a 
node to estimate the power level of each zone. By 
computing a path across zones it computes the best path 
within each zone. 
3) Minimum energy routing (MER) protocol [7]. 
MER is the routing of a data-packet on a route that 
consumes the minimum amount of energy to get the 
packet to the destination. It requires the knowledge of 
the cost of a link in terms of the energy expanded to 
transfer and receive data packet over the link 
successfully. It maintains the energy to discover routes 
and the energy lost to maintain routes [8]. The 
following issues are addressed: (1) how to obtain 
accurate power information, (2) how much overhead is 
associated with the energy-aware routing and (3) how to 
maintain the minimum energy routes in the presence of 
mobility. MER protocol addresses these issues and 
implements  the transmission power control mechanism 
in DSR [9] and IEEE 802.11 MAC protocol [10] with 
eight selectable options. Those are Routing packet-
based power control, Minimum energy routing, cache 
replies off, Internal cache timeouts , Multi-hop route 
discovery, MAC layer ACK power control, route 
maintenance using power sensing of data packets and 
MAC level DATA/ACK snooping/gratuitous replies. 
B. Load Distribution Approach 
The main objective of the load distribution approach is 
instead of choosing the shortest route, select a route 
with underutilized nodes. Sometimes it results in longer 
routes but packets are routed only through energy rich 
intermediate nodes. Protocols based on this approach 
prevent nodes from being overloaded  and ensures 
longer network lifetime. LEAR [11] and CMMBR [12] 
protocols fall under this category. 
1) Localized Energy-Aware Routing (LEAR) protocol.  
LEAR [11] optimizes the query processing transactions 
so that energy consumption can get balanced. It avoids 
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the blocking and route cache problems by minimizing 
routing delay. In LEAR, a node determines whether to 
forward the route request message or not depending on 
its residual battery power (Er). When Er is higher than 
its threshold value (Thr), the node forwards the route-
request message; otherwise, it drops the message and 
refuses to participate in relaying packets. Therefore, the 
destination node will receive a route-request message 
only when all intermediate nodes along a route have 
good battery levels, and nodes with low-battery levels 
can conserve their battery power.  
2) Conditional Max-Min Battery Capacity Routing 

(CMMBCR) protocol 
The CMMBCR[12] uses the concept of a threshold to 
maximize the lifetime of each node by utilizing the 
battery properly. If all nodes in some possible routes 
between a source–destination pair have larger 
remaining battery energy than the threshold, the min-
power route among those routes is selected. If all 
possible routes have nodes with lower battery capacity 
than the threshold, the max-min route is selected. If the 
battery capacity of some nodes goes below a predefined 
threshold then such routes which go through these 
nodes will be avoided. By adjusting the value of the 
threshold [13], one can maximize the time of node 
battery failure and thus the lifetime of nodes in the 
network can be extended. 
C. Balanced Energy Consumption[14]  
Balancing the energy consumption among all 
participating mobile nodes can keep a certain node from 
being overloaded and thus, ensures longer network 
lifetime. Objective of this approach is to find the path 
that either minimizes the absolute power consumed or 
balance the energy consumption of all mobile nodes. 
Instead of minimized energy consumption, the energy 
balance can be achieved indirectly by distributing 
network traffic. The following protocols help in finding 
path with the least consumed power. 
1) PAR (Power Aware Routing) Protocol [15] 
During the route establishment process, PAR 
maximizes the network lifetime and minimizes the 
power consumption by selecting less congested and 
more stable route. There are situations where some 
particular nodes are unfairly burdened to support many 
packet relaying functions. These nodes may consume 
more battery energy and stop running earlier than other 
nodes which results in link disconnection and network 
partitioning [13]. For providing energy efficient routes 
PAR focuses on traffic level of the path, battery status 
of the path and type of request from user side. PAR 
selects less congested and more stable routes for data 

delivery. PAR can provide different routes for different 
type of data transfer and thus increases the network 
lifetime.  
2) APR (Alternate Path Routing) Protocol [16] 
APR’s performance depends on the quality of the 
alternate route set, which can be measured by route 
coupling. How many nodes and links two routes have in 
common is known as route coupling. It is possible that 
the movement of a common node breaks the two routes 
altogether so a good alternate route set consists of 
decoupled routes also. With proactive routing protocols, 
each node is provided with a complete and up-to-date 
view of the network connectivity which helps 
identifying the best alternate routes that exist in the 
network. However, in the presence of significant node 
mobility, tracking all the changes in network 
connectivity can be prohibitively expensive. With 
reactive routing protocols, the alternate route set is 
constructed during the route discovery process since a 
route query may produce multiple responses containing 
paths to the sought-after destination. In the reply phase 
of APR, the cached path information is used to redirect 
replies along more diverse paths back to the source and 
thus improves the performance. 

Analysis Of Protocols 
The FAR protocol maximizes network lifetime by 
balancing the traffic among the nodes in proportion to 
their energy reserves. The OMM is useful in wireless 
ad-hoc networks spread over large geographical areas 
since it uses zone-based hierarchical routing 
mechanism. MER poses higher routing overhead and 
lower total energy. As the mobility increases, the 
minimum energy routing protocol’s performance 
degrades but still it yields noticeable reductions in 
energy as compared to performance of minimum hop 
routing protocol. 
LEAR balances energy consumption based only on 
local information. LEAR does not affect other layers of 
communication protocols while integrating into existing 
ad hoc routing algorithms. LEAR establishes balanced 
energy consumption in a realistic environment taking 
into account routing algorithms, mobility and radio 
propagation models. 
Simulation results shows that PAR performs more 
efficiently than similar protocols such as DSR and 
AODV although it causes increased latency during data 
transfer for discovering routes that can last for a long 
time and encounter significant power saving. APR 
protocol balances energy utilization by distributing 
network traffic among a set of diverse paths for the 
same source destination pair. 
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Conclusion 
Maximizing the network lifetime is a more fundamental 
goal of an energy efficient routing algorithm. Using 
Transmission power optimization approach, protocols 
not only provide energy efficient paths but makes the 
given path energy efficient by adjusting the 
transmission power just enough to reach to the next hop 
node. Balanced energy approach implements energy 

awareness at purely routing layer with the help from 
other layers such as MAC or application layer. Load 
Distribution Approach selects a route with underutilized 
nodes which prevent nodes from being overloaded and 
ensures longer network lifetime.  It is seen that 
providing the min-power path, the overall energy 
consumption for delivering a packet can be minimized. 
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