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Abstract. Routing algorithms have been using a single metric such as
hop count in route calculation. The selected route is optimal only in
the context of the metric used. In order to support diverse service requirements from users, there is a growing need where multiple metrics
need to be taken into account in routing, especially in ad-hoc routing.
This paper addresses ad-hoc routing with multiple metrics. We present a
new framework called service oriented network in which users can specify
routing metrics and the metrics are used in route calculation. Our approach is implemented in Linux kernel and the compared with AODV.
Simulation study shows that using our framework, we can improve the
network lifetime by 200%.

1

Introduction

This paper is to introduce the notion of ‘service’ to ad-hoc routing. A service
is characterized by its requirements. For example, a user may want a secure
communication service even though the delay is endurably long. Another user
might want low delay jitters to watch a movie on his mobile devices. Obviously,
user requirements are very diverse, depending on people’s preference, and also
requirements may change dynamically. Some of service characteristics such as delay are network-related, and to meet the service requirements needs cooperation
of the underlining routing algorithm.
However, current ad-hoc routing algorithms do not consider service requirements. For example, Ad-hoc On-Demand Distance Vector [1] (AODV) is one of
the most famous ad-hoc routing protocols. It makes use of the Distance Vector
algorithm, and it achieves endurable response time with low routing overhead.
In other words, AODV considers only response time in route calculation. Other
ad-hoc routing algorithms are similar in that a single criterion is used in route
calculation.
To the best of our knowledge, this paper is one of the ﬁrst attempts to
incorporate the service notion into ad-hoc routing protocol. Speciﬁcally, we
attempt to make ad-hoc routing ﬂexible enough to handle user requirements
so that ad-hoc routing can adapt dynamically to diﬀerent characteristics of
various services. This paper proposes an ad-hoc routing protocol construction
framework that takes multiple criteria in route calculation to meet various
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service requirements including QoS parameters. Furthermore, our framework
provides a programmable interface using simple script language to express service requirements.
This paper is organized as follows. Background and related work is described
in Section 2. Section 3 highlights the core concept of the service oriented networks, the framework which constructs a service-speciﬁc network, and Section 4
presents the route construction and maintenance mechanisms in the service oriented network framework. Finally, we conclude this paper with the results in
Section 5.

2

Background and Related Work

We brieﬂy describe how ad-hoc network works. In an ad-hoc network, nodes
conﬁgure themselves to communicate with their neighboring nodes. Also, any
node can choose to join or leave the network, which is diﬀerent from existing
networks. Each node should provide its own resources to guarantee the connectivity with other nodes. Therefore, every node works as an end terminal as well
as an intermediate router. In a given route, nodes included in the route (‘members’) should process packets. That is, all the members should involve in the
route construction process, and they should maintain network information in
order to provide the connectivity among themselves.
Routing protocol in an ad-hoc network provides connectivity among the nodes
without preexisting infrastructure. Many routing protocols have been proposed
for the ad-hoc network, and AODV and DSR are the most popular routing
protocols. AODV and DSR [2] are called on-demand routing protocols because
they do not keep the past network information such as topology. AODV construct
a route to a designated destination based on the node’s responsiveness. It selects
the shortest delay path in the probing time. AODV does not maintain the route
to arbitrary node in advance; instead, it probes the whole network to ﬁnd a
route when a new session starts. Every node in AODV network keeps routing
table and it contains the next hop to destination in distributed manner. On the
other hands, in DSR, only the source keeps explicit node list on the path. To
keep the recent neighbor’s information, AODV optionally implements a scheme
that keeps sending hello messages periodically.
One of the important metric in ad-hoc routing protocol is network lifetime.
Network lifetime is highly dependent on the remaining energy of the member
nodes in the network. Network data transmission is one of the dominant energy consuming parts in a system, and many strategies for energy eﬃcient management are proposed. Speciﬁcally, for longer network lifetime, several routing
protocols are proposed [3]. One of them is based on total transmission power.
In the scheme, route is selected based on the battery consumption of all the
nodes on the path when a packet is sent. Namely, the total energy consumption
for a packet on each path is calculated. If we assume that every node’s energy
consumption for a packet is the same, then the minimum hop route is naturally
selected. However, this scheme does not consider the network lifetime. So the
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lowest battery node should not use its energy on forwarding. Therefore, Toh[4]
suggested a routing scheme that can avoid the lowest residual battery node. In
CMMBCR[4], among all the nodes on each path, the minimum battery capacity
remaining node is selected. Then, a path that has the maximum lowest energy
capacity is selected as the best route. More distributed power control algorithms
are proposed and power eﬃcient protocol related work is summarized in [5].
Security issue in ad-hoc network is serious because all the nodes in the network
take part in network management. For example, every node maintains a routing
table and exchanges routing messages. Moreover, temporal communication failures occur often in ad-hoc networks, and it is very diﬃcult to distinguish them
from the network attack. Several studies reveal the exploitation for the routing
protocol, and propose defensive schemes against security risks for ad-hoc routing
protocols [6], [7].
QoS routing protocol is proposed for satisfying the QoS-related requirements
[8], [9]. For realtime applications, network delay for the communication should
be pre-determined. However, ﬁnding a route with delay-bound is diﬃcult in two
folds. At ﬁrst, the network dynamics inﬂuences the network delay, and secondly
it is proven that ﬁnding the lowest delay route to arbitrary destination is an
NP-complete problem. Therefore, heuristics and approximation algorithms have
been developed. Current QoS routing can be categorized as follows: 1) source
routing, 2) distributed routing, 3) hierarchical routing. Various routing objectives
lead diﬀerent routing strategies such as bandwidth-based route selection, delaybound route selection, etc. Most of the QoS routing protocol does not consider
dynamics in the network environment and requirement change, and they solve
only routing problem in static environment. Wide meaning of QoS covers various
criteria such as user response or security level, which are service-speciﬁc criteria.
Current QoS routing study focus on network issues such as delay bound, available
bandwidth, or jitters, and the algorithms for approximation. This work enlarges
the area of QoS routing in more general meaning of QoS with ﬂexible framework.
Active network is a research area for adapting network systems to dynamically
changing environment. Several approaches are proposed for supporting ﬂexible
and programmable network construction [10], [11]. Programmable network provides ﬂexibility in network management. Because the network management is a
complex task, network administrator wants it to be done automatically. However,
some research work shows a possibility of active network with real experiments
using Tunneling protocol [12].

3

Concept of Service Oriented Networks

The core concept of the service oriented network is presented in ﬁgure 1. The service oriented network is to support services with diﬀerent network requirements
so that the services should be provided in the timely manner and can be changed
easily or migrated to other environment. Diﬀerent services such as security or
multimedia streaming service have their own requirements. In service oriented
network, the middle layer, called collaboration layer, gathers the requirements
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Fig. 1. Conceptual view of service oriented network

from the upper layer (user services) and constructs a service-speciﬁc network
topology. The collaboration layer also gets link information, called link metric,
from physical network layer. In the collaboration layer, there is a service arbiter
that constructs a service speciﬁc network with the link metric information.
For example, we can imagine a following scenario for the service oriented
network. A user wants to watch a movie. In the middle of the process, user
authentication is required because multimedia service is a high-cost service and
only valid user should access the service. Once authentication is completed, the
codec for the media contents is required because codec inﬂuences the quality of
the media streaming display, and it is highly dependant on the device processing
power and media data size. If codec is not found in the local display device,
the codec can be downloaded from the codec database. Finally, the multimedia
application contents are streamed through a network. Streaming service requires
realtime processing of contents and delay jitter is very sensitive factor in realtime
data process.
Collaboration layer receives metrics using a simple script language. User or
application service speciﬁes his requirements, and the requirement speciﬁcation
is processed via service arbiter. Therefore, we can provide the logical view of the
network which can support speciﬁc application service we targets on.
Although the language approach provides good ﬂexibility, this method has a
weakness. If the language is an interpretation one, we need a virtual machine or
interpreter to execute the instruction and the performance will be quiet poor. If
it is a compilation language, we need to compile before setting the conﬁguration.
In both cases, there should be a structure for checking the input grammar,
which is called parser in the compilation language. We develop intermediate
structure for the metric calculation is developed in order to reduce the grammar check overhead. Using Lex and Yacc, we implemented software that is an
intermediate code generator from the metric deﬁnition language.
Once the routing metric is speciﬁed, the service oriented network infrastructure prepares a code generator for the metric deﬁnition. Speciﬁcally, the input
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string of the cost deﬁnition is parsed and makes a stack structure. When we
evaluate the routing cost for the speciﬁc route, metric factors come from the
symbol table. Each metric factor is previously calculated and stored in the symbol table. By interpreting the cost function, the structure has ﬂexibility and the
performance problem can be resolved with the help of calculator which is created
when we parse the cost function.

4
4.1

Route Construction and Management
Routing Metrics

In service oriented network, we need a route construction rule for each routing
metric. The reason why an existing ad-hoc network cannot provide the diﬀerent
characteristics is that all the nodes have only one routing metric. Consequently,
we have to deﬁne new routing metrics that reﬂect service characteristics and
distribute them to all the nodes in the network. In service oriented network, any
node can create a new routing metric, and all the nodes should understand and
calculate the proper cost function of the metric.
Service oriented network uses two features. One is dynamic routing metric
processing. Application service requirement is expressed in simple script language, and it is processed via service arbiter to calculate cost for a route. It
allows complex and dynamic metric calculation so that the calculation of multiple metrics involves quiet a large overhead such as parsing the metric deﬁnition
and processing overhead. Using the intermediate code, it signiﬁcantly reduces
the overhead such as run-time parsing of requirement speciﬁcation.
The second feature is two combination rules for multiple metrics. The combination rules unify multiple metrics to a new single routing metric. These rules
are essentially a normalization scheme for multiple routing metrics. The ﬁrst
combination rule is to deal with diﬀerent scales of metrics. For example, the hop
count metric has a range of integer value, but remaining battery metric has a
range of real number within 0 and 1. If we add two metrics, the integer (hop
count) will dominate the combined metric, and the remaining battery metric
is ignored. Combining multiple metrics gets more diﬃcult when the range of a
metric is not known. Two examples of hop count and remaining battery metrics
are normalized as follows.
– Hop count metric
Hop count is one of the most popular metrics. According to the combination
rule, the hop count is normalized as the ratio of minimum number of hops
between the route that includes the speciﬁc path and the optimal route
(minimum number of hops to destination). By taking the relative value of
number of hops, we can easily set the range of the metric value. Hop count
metric function f can be expressed as in Eq.(1).
Hdmin (i) = (Minimum number of hops from node i to destination node d).
Hd (i, j) = (Minimum number of hops from node i to destination node d,
including path from node i to node j).
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(1)

where j is a neighboring node of i.
So, the combination rule gets a value between 0 and 1 for the hop count
metric, and a lower value means a better route.
– Remaining battery metric
This metric selects the maximum value among remaining batteries of each
node in a route. Then it is normalized as in Eq. (2), and a bigger value means
a better route.
Bd (i, j) = (Minimum battery remaining on the route
from node i to node d including path (i,j) )
,where j is a neighboring node of i.
Bdmax (i) = M ax(Bd (i, k))
k

Fd (i, j) =

Bd (i, j)
,
Bdmax (i)

(2)

where j is a neighboring node of i.
After metrics are normalized, we need another combination rule simple
combination of the normalized metrics does not result in an optimal route.
The reason is that for some metrics such as remaining battery and security
level, a larger value means a better route whereas in metrics like number of
hops and delay jitter, a smaller value is better.
So the second combination rule is: for the metrics where the larger value
is better, Eq. (3) is used to generate the uniﬁed metric.
M etric unif iedda(i, j) =

M etricda (i, j)
,
M ax(M etricda (i, k))

(3)

where k is a neighboring node of i.
In Eq. (3), metric unif iedda(i, j) means normalized metric that returns
the goodness of a route from the node i to destination node d through the
path (i, j).
For the metrics where a smaller value is better, the uniﬁed metric is calculated below:
M etric unif iedda(i, j) =

M in(M etricda (i, k))
,
M etricda (i, j)

(4)

where k is a neighboring node of i.
Through two combination rules, metricu nif ied of Eq. (3) and (4) is used for
route calculation with multiple metrics.
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Comparison with AODV

Route Construction and Management. Although AODV constructs a network on-demand, the node always chooses the route that has the least delay
time. To avoid loop in a network topology, AODV does not process more than
twice for packets that have same broadcast ID. Namely, AODV processes only
the ﬁrst routing packet for the same broadcast, and this means that all the
packets arrived later are silently ignored.

Fig. 2. Routing table update by RREP propagation

On the other hands, service oriented network should not ignore the rest of the
packets. Constructing a network that takes service characteristics into acount,
we have to gather the information such as security measure or remaining battery
as well as delay or hop count. In AODV implementation, we consider the metric
processing whenever it receives a routing message. However, we do not forward
route request (RREQ) message because this message causes inﬁnite message
forwarding and loop of network topology.
To calculate each of the metric, RREQ packet carries metric deﬁnition. When
a node receives a RREQ packet, the packet is forwarded as soon as possible
to the next node. When the packet is being forwarded, it also carries updated
metric value for each metric. In the meanwhile, intermediate code is prepared
and routing metric is evaluated as to the metric value.
As a matter of fact, AODV construct a reverse path which is destined to
the source node in route construction stage. Forwarded RREQ makes a reverse path and the route evaluation can be done after that all of the information is gathered. Actually, the route to the designated destination is conﬁrmed by the RREP packet. Once the RREQ packet reaches the destination
node, RREP packet is generated and returned on the reverse path which is
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constructed previously. Therefore, the reverse path can be chosen after getting
all of neighbor’s information.
For example, as in the ﬁgure 2, let A is a source node, and we try to ﬁnd a
route to G, then at node D and F the RREQ packet is broadcasted. The ﬁrstcomer to the E node, D or F node can create a reverse route to node A, and the
RREQ from left one (F or D) is ignored. The ﬁgure presents that E chose F as
next hop to the reverse route to A. RREQ broadcast from D is silently discarded
and there is no table update.

Fig. 3. Original AODV operation and AODV of service oriented network

Modiﬁed AODV is also presented in ﬁgure 3. All the packets to the node E are
processed and routing table is updated. Next hop to the destination is changed
to node D and in the RREP forwarding phase, E sends RREP to node D and
the forwarding route is constructed as ﬁgure 3.
4.3

Simulation Results

For the performance evaluation, we have implemented the service oriented network framework on the NS-2 simulator. Simulation topology used is presented
in ﬁgure 4. The following two services are used.
Metric alteration is done manually, and the metric used in simulation has
chosen from the following scenarios.
– Service 1: service that has a requirement of minimum delay.
(node 2 to node 4)
– Service 2: service to maximize the network lifetime by saving battery of
nodes.
(node 1 to node 4).
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Fig. 4. Simulation scenario of the service oriented networks

Table 1. Comparison of the network life times and throughputs on session

AODV
Our framework

Network life-time(s) Throughput on session
44
185Kbps
127
186Kbps

For service 1, AODV calculates route: node 2 → 3 → 4, and for service 2, node
1 → 3 → 4. But service oriented network framework, because the remaining
battery metric is used, the route for service 2 is node 1 → 6 → 5 → 4. The
new route chosen by service oriented network framework saves battery in node
3, which extend the network lifetime. The detailed result of network lifetime is
presented in table 1. The result presents that service oriented routing has similar
throughput as AODV but has extended network lifetime 200% longer.

5

Conclusion

There is a growing need in ad-hoc networks for handling various and dynamic
services. However, ad-hoc network construction protocols such as AODV do not
consider the service characteristics. This paper develops a ﬂexible and eﬃcient
framework for handling the dynamically changing service requirements.
Our framework has distinct features: 1) language approach to gives ﬂexibility
to specify routing metrics; 2) combination rules to unify diﬀerent metrics. The
simulation study reveals that incorporating service characteristics in routing is
more useful for ad-hoc networks.
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Appendix 1: Lex and Yacc Grammar for Cost Deﬁnition
Language
Grammar deﬁnition in yacc.y
statement_list: statement ’\n’
| statement_list statement ’\n’ ;
name_list: NAME
| name_list ’,’ NAME ;
statement: NAME ’=’ expression
| expression
| DEF_METRIC name_list
| DEF_COST_FUNC ’(’ DEF_METRIC name_list ’)’
’{’ expression ’}’
| eval_metric ;
metric: NAME ’=’ expression ; metric_list: metric
| metric_list metric
| metric_list ’,’ metric ;
eval_metric: DEF_METRIC ’{’ metric_list ’}’ ;
expression:
expression ’+’ expression
| expression ’-’ expression
| expression ’*’ expression
| expression ’/’ expression
| ’-’ expression %prec UMINUS
| ’(’ expression ’)’
| NUMBER
| NAME
| FUNC ’(’ expression ’)’
| ’\n’ ;

Lexical Analysis rule in lex.l
METRIC { return DEF_METRIC; } COST_FUNC {
cost_function_index = 0;
return DEF_COST_FUNC;
}
([0-9]+|([0-9]*\.[0-9]+)([eE][-+]?[0-9]+)?) {
yylval.dval = (double)atof(yytext);
return NUMBER;
}
[ \t] ; [A-Za-z][A-Za-z0-9]* {
struct symtab *sp = symlook(yytext);
yylval.symp = sp;
if (sp->funcptr)
return FUNC;
else
return NAME;
}
"$" {return 0;}
\n | . return yytext[0];

